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CALCULATION OF THE LIMITING SHEAR STRESS (YIELD VALUE) OF DISPERSE 
SYSTEMS IN EXPERIMENTS WITH THE CONE PLASTOMETER 


N. N. Agranat and M. P. Volarovich 


The yield value © is an important rheological parameter of plastic disperse systems, the determination 
of which is necessary for characterization of the structuromechanical properties of such systems, There are 
several methods for determination of 6 in disperse systems [1-11]; the relative accuracy obtained in determina- 
tions by each of these is of the order of several percent. A greater accuracy in determination of @ is difficult 
‘to obtain because, like any other yield value, it depends to some extent on the experimental conditions, such 
as the time during which the force acts [12],etc. Until recently, however, few investigations have dealt with 
comparative tests of different methods for determination of 6 [3,13,14]. It was therefore important to 
determine @ simultaneously by different methods in some definite disperse systems, such as lubricant greases, 
and to compare the results. 


We have determined @ for several greases with the use of six different instruments; the RV-4 rotational 
viscosimeter [1], a vertically moving plate [7] and cylinder [5,6], Tolstoi's cone instrument [9]. Simonyan's 
capillary type instrument [10], and Rebinder's cone plastimeter [8]. Fairly good agreement was found 
between the values of 9 measured by all these methods, However, the values of @ calculated from the 
results of measurements with the cone plastometer by Rebinder's approximate formula [8] were 1,5-2.5 times 
as large as the values obtained by other methods, This was also found in other investigations [15]. We 
advanced the view, jointly with M. F. Shirokov, that the reason for the discrepancy was the fact that in 
derivation of the formula only the shearing stress acting along the cone surface was taken into account, and 
extension of plastic deformations into the volume near the cone was ignored; this last effect has been 
established experimentally by means of X-ray transmission [16]. In this investigation the.conehas been 
considered as an axially symmetrical punch pressed into the plane boundary of the plastic medium. Examples 
of the solution of such problems by the construction of a network of slippage lines for complete plasticity 
conditions are contained in publications by Sokolovsky [17] and Ishlinsky [18]. Hencky [19] and Puchkov [18] 
have shown that problems of this type can besolvedto a sufficient degree of accuracy by construction of 
slippage lines for the corresponding plane problem. We have applied this method to the cone, the basis 
adopted being the fact that at limiting equilibrium of the system the pressure P acting on the punch from the 
side of the plastic medium becomes equal to the external acting force G, i.e, P =G, 


The pressure force P was determined by two methods. First, Puchkov's approximate method [18] was 
used, In this case the total pressure force of the plastic medium on the cone can be represented by the 


formula: 


POA 


Re Pat V, 2) 


where po and pa are the pressures at points O and A (Fig. 1), the point A being very close to the apex of the 
cone; F is the cross section of the cone at the surface of the plastic medium; V is the volume of the immersed 


portion of the cone; h is the maximum immersion depth. 


The pressure p, and pg were calculated from 
the formula 


where os is the maximum normal stress, equal to 
the flow limit in extension; y, is the angle 
formed by the tangent to the cone at the given 
; ; point and the negative direction of the z axis 
jonnidh Si . ‘s NG ted Bai weed sick tie (Fig. 1); M and N are points at the cone surface 

3 and the surface of the plastic medium respectively, 
belonging to the given slippage line; r, z, and 


~ are cylindrical coordinates [8]. By the Mises conditions, in this case Os = 27 eats ¢ where + ax is the 
flow limit.in.shear, i.e., 7 pay =9- Therefore Equation (2) may be written as follows: 
r - d. 
Py =9(2 + 214 + n-* — |S). 8) 
M 
M 
According to Fig. 1, for the slippage line OA,A2B 
f A d. 
ae DD die Ne SS 
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here rg is the radius of curvature of the cone apex (in practice t Js never 0), and q is half the vertical angle 
of the cone. The pressure at the rounded apex may be neglected, as projection of it on a very small area 
gives a negligible value, 


From Fig, 1 we have 
B Ay Ay B 


jem fesfes te bers: 


0 0 Ay 


Putting for each of the regions z = f (r), we have 


B 
(dz Tt r r . 
i tg —_-— & In 4: In —2. ee thes! +) 
r (5 ) a + at |) VR ‘ (6) 


Substituting Equations (6) and (3) into Equation (4) and calculating py =0 (2+ 2a), we find, in accordance 


Fig. 2, Pressure distribution over the surface of a conical punch for cones 
of different vertical angles, 


with Equation (1), the total pressure P of the plastic medium on the punch, after first expressing all the 
quantities in the formula in terms of a andh 
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It was found that if h is the maximum immersion depth of the cone, and @is the yield value, equal 
to the flow limit of the system, then at limiting plastic equilibrium, when the pressure P of the medium on 
the punch becomes equal to the force G under the action of which the punch is immersed, the relationship 
between these values remains the same as in the Rebinder formula [8], i. e., 


P 
6 = K Fy e 
(8) 
However, K has a different value, namely; 
4 Te h 
Se = Tran? a {6.69 ti 7e -f- [! +ran(F we a) In — 
(4 -Lsin a)? 
—tan (F —a)In[4 +ean(F —a)] + In So age 
Soe re (cos a +siNa) (ae oe +sina + 1) 
ie (1 +2sinay| Y/% 2a (1 +sin 2a ) 4 008 2a an 2a +4 

(9) 


Formula (1), put forward by V. V. Puchkov, gives somewhat low values of P (and therefore low values 
of K), as the relationship between Pyy 2nd zy can be regarded as linear only over a restricted region, and 
linearity is disturbed as the vertex is approached (Fig. 2), Formula (9) contains the term » In h/t, where Tp is 
the radius of curvature of the cone vertex. This means that K depends not only on the cone angle 2a, but also 
on the ratio h/rp. 


There is algo a graphical method for calculation of the total pressure P of a plastic medium on a 
punch [17]. It is easy to show that 


b 
Pise'\ 26 pal nolan 

10 

{10) 


This integral can be replaced by a sum 


b 
P cs ae Pmlm Arm = 2nbSpr Ar, (11) 


where 


=e 4 
Pr = 55 (Pi-1 Ti + PT’). 


By constructing the network of slippage lines 
(Fig. 3) (for greater calculation accuracy the 
drawing must be considerably larger than the 
actual dimensions of the punch) it is possible 
to find, in accordance with Equation (2), the 
pressures p,,, at different points of the cone 
surface and by measuring 1 , to calculate 
P from Equation (11). We found the values of 


Fig. 3. Network of slippage lines for the immersion 
of a cone into:a plastic medium. 


P for conical punches with different angles 2a. Since 9= K 
depth h, the equation 


h? by measuring on the diagram the immersion 


h2 
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was used to find the values of the constant K for cones with different vertical angles 2q. These values are 
given in Table 1. 


TABLE 2 Agranat and Shirokov [21] determined the 
total pressure of a plastic medium on a conical 

Values of the Constant K for Cones With Different punch by an analytical method, A formula for 

Vertical Angles Za the constant K was derived, The values so found 


for the constant for cones with different vertical 
angles are also shown in Table 1, 


Value of K 
analytical 
solution 


- 2a 


It is seen from Table 1 that the graphical 
method gives values close to those found by the 


ad 0.959 analytical method, 
oe 0.416 We determined experimental values of the 
60 0,214 yield stress @ for a number of greases by means 


ef a number of instruments of different types, 
including the cone plastometer, for which the 
value of @ was calculated from experimental 
data with the use of values of K calculated by the 
analytical (and also the graphical) method. The experimental results are given in Table 2, 


It is seen from Table 2 that the values obtained for 9 with the cone plastometer coincide with the 
values found by means of other types of instruments. Rebinder and Segalova [22] showed that, for systems 
with yield values of the order of 1 g /cm” and less, in calculations with the aid of Formula (8) the expression 


K= * cot acos”a may be used, This also gives good agreement with yield values found by other methods. 


We did not test such systems. 


TABLE 2 
Yield Values (g/cm?) of Greases, Determined by Different Methods 


Synthetic 


-13 grease Gun grease 
solidol grease ihe gr ot 
Method of determinatio|———;——__ 
not not not 
i stirred stirred 
stirred Sere stirred | stirred | 
Cone plastometer 41.7 5,4 22.9 12.3 30,7 17.9 
RV-4 rotational 
viscosimeter 10.5 5.8 24.2 42.5 27.0 19.8 
Tangential plate dis- i 
placement — _ 24.1 10.4 29,9 _ 
Bi cp eae cron YR Ty 254 | 4144 = wi 
D. M. Tolstoi's cone 
instrument — 5A 23.3 10.8 39.0 17.5 
A. A. Simonyan's 
capillary type instru- — — — 10.5 28.0 _— 


ment 


SUMMARY 


1, P. A. Rebinder's cone plastometer must be regarded as the most convenient instrument for measurement 
of 8, as itis possible to measure yield values over a wide range of @ and to repeat the experiments many 
times, with good agreement between the results, The instrument is simple to construct and operate, 


2. The values of the constants K given in Table 1 should be used for measurements on systems with 
yield values greater than 1 g /cm? by means of the cone plastometer. 


3. If, in addition to 6, it is also necessary to determine the plastic viscosity of a disperse system, the 
rotational viscosimeter should be used. ‘ 


The Moscow Peat Institute Received August 8, 1956 
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THEORY OF THE CONE IMMERSION METHOD FOR DETERMINATION OF THE YIELD 
VALUES OF DISPERSE SYSTEMS 


N. N. Agranat and M. F. Shirokov 


A widely used method for determination of the yield values of disperse systems, proposed by Rebinder 
[1], is based on the immersion of a cone into a viscoplastic medium under the action of a constant force, 
The method depends on the relationship 


G 
dates) m 


where @ is the yield value; G is the force causing immersion of the cone; h is the maximum depth of 
immersion; K is a constant which, according to [1], should be calculated from the formula 


Jae 
K= 4 cos’ « Cot a, (2) 


. where q is half the vertical cone angle. 


It has been found, however, that values of 9 for disperse systems calculated from Formulas (1) and (2) 
from experimental data on the immersion of a cone are 1,5-2,5 times as large as the values of @ found by 
other methods [2, 3]. It is likely that the reason for this is that in derivation of Formulas (1) and (2) the 
spread of plastic deformation into the volume around the cone was not taken into consideration, In fact the 
medium around the cone is in a state of elasticoplastic deformation, Therefore the cone can be regarded as 
an axially symmetrical punch pressed into the plane surface of a plastic medium, The general theory leads 
to the following expression for the pressure p,, at a given point M in the surface [4] | 


N 
4( dr—d 
Py = ca + tet eS =), (3) 


where gg is the maximum normal stress; y,, is the angle between the tangent to the cone surface and the 
negative direction of the X axis; r, x, g are cylindrical coordinates of. the point on the slippage line 
joining ee points M and N in the “sarface and in the medium, lying in the meridianal plane (Fig. 1). 


Methods for construction of the slippage 
lines have already been developed [5-7]. The 
force P which acts from the direction of the 
medium upon the surface of the punch in contact 
with it in the direction of the X axis is given by 
the expression 


P= \ py n.d, 


where n, is the vector component of the 
normal M1, external relative to the medium, 
to an element df of the cone surface area, It 


Fig. 1. Slippage line for the penetration of a conical 
punch into a plastic medium. 


is evident that ny df =—2rrm4dry). 


Consequently, 
(4) 


Substituting into this the value of p), from Equation (3), and remembering that for a cone y = a, we have: 


Yo Lf 


N 
G = o,\ (14244 \ #28) aeryiry 
0 


™ 
“Or 
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Gmeg\(t4atdine 4 22) bar dy (5) 
0 M. 
According to Fig, 1 
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The arc Ay Ag may, without much error, be replaced by a chord, and then 


| Sm fn (] +2) In A + cot (F+H)in pt tin “| 


and Equation (5) assumes the form 


c ry wT ra 
Gag) [2425 + In Era (J +2)In— + mn 
+ cot (+ of 5) In | nr dry 
or 

To 2 

G = oger3(t-+9)-+055[\ (In ZR) rude + 
0 

5 To ra ‘. . To rA (7) 

toot (F + «)\ (In FA) ry dry toot (F + 7)\ (im tt) gy] 


: , ; ra " ie Sere 
On the basis of Fig. 1 we may write: r 4) = 19 + Rag v2 where Kyq = OA1 =OAg, and since Ry; = Vesina ’ 


then 


ro (sina + 1)—Ty 
nd sin 


(8) 


In the same way we find 


wT 
T% cot Beas —ly 
Yr, = : 


A; 2/(cot a + 1) 4 (8) 
__ to (2sin a +1)—ry 
sf iss 2sina 
(10) 
By partial integration, we have 
To r Yo To r 2 
~ i Pa Wh Sy Nag anc) ae 
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a 2 

a ae AF (in =f] 
2 PM" A, 
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since 


Similarly we have 


TAL core Py (12) 
{ (in rae) Pu Uy = -— | Md(In ); 
0 0 


(13) 


Putting the values of (8), (9), and (10) into Equation (7), taking into account Equations (11), (12), and 
(13), and remembering that according to the Mises condition gg = 2Tmax where og in the present case 
can be assumed equal to the flow limit in extension, and r,,,y » the maximum tangential stress, is equal 
to the flow limit in shear, or the yield value @, we have 


ie rar 
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We calculate the definite integrals and carry out the permissible simplifications remembering that 
To = htana; then we have: 


sin a 
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Thus we see that the relationship between 6, G, and h derived by P, A. Rebinder is retained, However, 
the value of the constant K is determined by an expression different from Formula (2), namely 


4 


i) 
z = wtar? a {2a — 2 (ince + 1)? In ae + 


| sina +4 
ie E eee (= + $)](2sin « 44)2In Meet t 
+| cot (+ $)- cot (3 + a) cot ® (7 — a) In —A + 
-- cot (= + 5) [ct (+ — a) — (2 sina+1)| : 


(16) 


This formula was used to calculate values of K for cones with different vertical angles (excluding the 
value a =1/2), some of which are given in the ‘table. 


Values of the Constant K CalculatedFrom Equation (16) 


89°20° 


For the angle 2 a = 90° Equation (14) assumes the form 


To 
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Therefore for a cone with this vertical angle 
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and the constant K is given by the equation 
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Figure 2 shows K plotted against the 
cone angle 2a. 


The yield values calculate d from 
experimental data by means of Formula (1) 
es with the use of the constant K given by 
08 Formula (16) are in good agreement with 

values of @ determined experimentally by 
es other methods for a number of disperse | 
06 systems, in the range of 5 to 100 g /cnt [7]. 
a5 
04} 
03 
02 
O1}- 
0 


—a Soom 
20 40 GO 80 100 120 1K HO20% 


Fig. 2, Constant K as a function of the coné angle. 


SUMMARY 


1. A theory of the cone plastometer is developed on the basis of the propertiesof viscoplastic media; 
this leads to P, A. Rebinder'’s known formula, but with a different coefficient K. 


2. A formula for calculating the coefficient K is derived, and the values of K for cones with different 
angles are found, 
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AN ELEC TRON-MICROSCOPA STUDY OF STRUCTURE FORMATION IN LOESS2S 
Meo. CHE 
ieLu OF THE DISPERS rerrind 


E. Aripov, Z. Ya. Berestneva, and V. A. Kargin 


Electron microscopy has been used by many workers as an analytical method for qualitative investiga- 
tions of the mineralogical composition of soils. Sedletsky and Ananyev [1] used the electron microscope to 
study the mineralogical composition of loess of various origins. The specimens were investigated in the form 
of aqueous suspensions. Vikulova [2] made a more detailed study of particle size in aqueous soil suspensions 
in relation to the sedimentation time. 


For studies of soils by means of the electron microscope, the specimens are usually prepared from 
aqueous or amyl alcohol suspensions of clays not subjected to preliminary treatments, or from aqueous 
suspensions of clays previously treated with hydrochloric acid, hydrogen peroxide, or acetic acid, or from 
separate fractions of aqueous suspensions (separated by the sedimentation method), In all these methods 
the water-soluble salts present in the material are first removed by decantation of the clear liquids from the 
suspensions, Repeated decantation of the top liquid layer followed by dilution results in peptization of the 
clay particles; some authors [2] recommend the addition of ammonia (until a faint odor is apparent) as 
stabilizer, 


These methods may be used in studying the structure of soil or loess particles, but for studying structure 
formation processes, in which all the components of the loess probably participate, it is necessary to investigate 
not only the particle structure of the mineral components of the loess, but also their behavior in various media, 


It is known that both soils and loesses swell in water, and therefore it is of interest to study, by means 
of the electron microscope, the influence of the medium on the structure of loess particles. Loess specimens 
were prepared for this purpose, both by powdering loess in the dry state, and also in the form of aqueous and 
alcoholic suspensions. Loess of the Tashkent region was used for the work. The investigations were performed 
with the aid of the EM-3 electron microscope with direct electrono-optical magnification (8000-12000) 
followed by photographic enlargement. 


The specimens were prepared as follows. Copper gauzes with hole diameter not exceeding 0.1 mm 
were used as supports. These were coated with collodion films 100-150 A thick. The films were made from 
a solution of collodion in amyl acetate. The films were dried in air under a glass cover to protect them 
against dust and other contamination. A drop of the suspension to be investigated was then applied to the 
film and then carefully removed by a piece of filter paper. It was necessary to remove the drops in our 
investigation because, during slow drying of the drops, structure formation or coalescence of the individual 
particles due to slow evaporation of the water could occur. This would interfere with interpretation of the 
results. Removal of the drop results in almost instantaneous evaporation of the remaining moisture. The 
prepared specimens were stored in Petri dishes placed under a glass cover to protect them against contamina- 
tion. 

The dry loess specimens were made by pulverization of the loess in a dessicator at the bottom of which 
gauzes with coliodion films, serving as supports, were placed, The aqueous and alcoholic suspensions were 
made by stirring 5-10 g of loess with 200-300 ml of distilled water or ethyl alcohol, 


In our electron microscope investigations of loess suspensions, the particles seen in the microphotographs 
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irrespective of whether they are clearly defined particles of individual 


are referred to as “loess particles” , 
isting of different minerals and salts which are 


minerals contained in the loess, or amorphous formations cons 


components of the loess. 


Figs, 1-8. Microphotographs of loess in various media (explanation in text), 


Fig. 1 is a mi | i i 
ie if : S pole reno roetapn OF epectneds prepared by pulverization. The particles consist of scales 
‘ se ere as and clear outlines. Loess particles from an alcoholic suspension (Fig, 2) are similar 
under the electron microscope to specimens prepared by pulverization : 


Figs. i 
; gs. 3 and 4 are microphotographs of aqueous loess suspensions. The particles retain their external 
form almost co i Fi 
Cope rely. but contain pores (Fig. 3), The presence of such pores in loess in aqueous suspensions 
may ie = used a swelling of the loess particles and the consequent formation of a fine porous structure; on 
the other hand, these porous formations ma ise he resu ution of the ea oluble sa ete 
arise as the result of solution of easi i 
y sily soluble salt: 
are alwa a a i e 
2 1 ys preneut in loess, In the latter case the formation of a fine porous structure in the loess particl 
will be irreversible, as the dissolved salts are removed with the water, If the pores are formed as th ‘ 
: s the result 
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of swelling, the effect should be reversible, i. e., pores should be formed during swelling of the loess in water 
and disappear on drying. 


To determine the causes of the formation of a porous structure in loess particles in aqueous suspensions, 
the structure of the loess particles was studied in aqueous suspensions under the electron microscope, and the 
water in the suspension was then replaced by ethyl alcohol. Dehydration of the loess by ethyl alcohol was 
assumed to be permissible as identical electron micrographs are given by loess particles obtained by pulveriza~ 


tion and in alcoholic suspensions. The water — alcohol change of medium was performed 5~6 times with the 
same doess specimen. 


It is seen in Fig. 5 that, after the first dehydration, scales with dense formations and sharp edges appear 
again. This microphotograph is quite similar to those shown in: Figs, 1 and 2, When this alcoholic suspension 
was converted into an aqueous suspension, porosity appeared again, as can be seen in Fig, 6. 


Repeated hydration and dehydration of the loess showed that the formation and disappearance of the 
pores was completely reversible. After the fifth hydration of the suspension a porous structure appeared again 
(Fig. 7). After the sixth dehydration, dense formations with sharp outlines were again visible (Fig. 8). The 
Teversibility of this process in the transitions between aqueous and alcoholic suspensions indicates that pore 
formation is caused by swelling of the loess, and not by solution of the salts which are usually present in 
loess; otherwise the formation and disappearance of the pores would be irreversible. 


Water-soluble salts, which may cause the formation of fairly strong surface structures, penetrate to the 
surface and accumulate on it through the pores formed during swelling in water, by capillary action, This 
question will be examined separately in the next article. 


SUMMARY 


1. The structure of loess particles from the Tashkent region has been studied in different media by 
means of the electron microscope. : 


2. It is shown that a finely porous structure, which disappears on drying, is formed in an aqueous medium. 


3. The process of pore formation and disappearance is reversible, which may be attributed to swelling 
of the clay mineral particles in loess in water, 


The loess specimens were kindly supplied by Prof, Yu. A. Skvortsov, to whom we are grateful. 


The L. Ya. Karpov Physicochemical Institute Received September 7, 1956 
Moscow 
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AN ELECTRON MICROSCOPE STUDY OF STRUCTURE FORMATION IN LOESS 
2.. INFLUENCE OF LOESS COMPONENTS ON STRUCTURE FORMATION 


E. Atipov, Z. Ya. Berestneva, and V. A. Kargin 


Loess is a finely granular, porous, loose sedimentary mineral material of a gray-yellow or straw color, 
Loesses not only serve as parent minerals in soil formation, but are valuable materials used in building, 
engineering geology, etc. Characteristic properties of loess which distinguish it from other sedimentary 
rocks are the porosity and looseness of its structure; moreover, the surfaces of loess strata may carry dense 
formations analogous to the crusts formed on soil surfaces, Geological data relate the loose and porous 
structure of loess to the deposition conditions, while the question of the influence of mineralogical and 
mechanical composition on the structure of loess is usually not considered in geological investigations [1]. 


Most studies of the formation of soil structure in relation to agriculture, dealing with the origins of a 
lumpy granular (agricultural) structure, associate this with the mineralogical composition of soils [2]. 
However, such investigations do not deal with causes of formation of a loose and porous structure in loess, 
In studies of the origins and properties of crusts on soil surfaces [3], these effects are also related to the 
mineralogical and mechanical composition of soil and the interaction of soil aggregates when the soil is 
humidified, 


The purpose of our investigation was to study the mechanism of structure formation in loess in relation 
to its mineralogical composition, as the formation of a loose, porous structure and of dense layers on loess 
is probably primarily associated with its mineralogical composition, Structure formation in disperse systems 
can be studied by various methods, the most common of which are methods for studying the viscosity and 
mechanical properties of colloidal solutions and suspensions, Experimental data in this field indicate that 
structure formation in disperse systems already occurs in the suspensions. themselves [4]. 


The most widely accepted theory of structure formation in disperse systems is the theory developed by 
Rebinder [5], which has been extensively confirmed by experimental investigations. According to this 
theory, the formation of secondary structure in disperse systems is attributed to cohesion between the disperse 
phase particles by means of chemical] or van der Waals forces. With this type of cohesion between particles 
in suspensions, the structures formed are retained after removal of the dispersion medium. Because of this 
it is possible to study the mechanism of structure formation in aqueous loess suspensions by means of the 
electron microscope. It is extremely important in the use of this method that the structures formed in the 
suspensions should persist after removal of water, as the photographs are taken under a high vacuum. 


Since the major part of loess is highly disperse in mechanical composition, aqueous suspensions of loéss 
were used for studying processes of structure formation, Blectron microscopy was used in our investigations, 
whereby it is possible to observe changes of shape, dimensions, and relative positions of the loess particles 
directly, and therefore to study processes of structure formation, 


In addition to clay minerals (montmorillonites, kaolinites, etc.), loess contains fairly large amounts 
of calcium and magnesium carbonates, relatively small amounts of calcium sulfate, and humates, To 
elucidate the mechanism of structure formation in loess it was necessary to study separately all the loess 
components as well as their mutual influence on structure formation, 


The mechanism of structure formation in loess was studied with the aid of the EM-3 electron microscope 
with direct electrone-optical magnification (7,000-12,000) followed by photographic enlargment. Loess 
specimens from the Tashkent region were used for the experiments. Ammonium humates obtained from 
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alkaline extracts of chernozem soil were used, Alkali extracts of humic acids contain excess alkali which 
may influence structure formation in loess. Humic acids were therefore precipitated from the alkaline extracts 
by addition of concentrated hydrochloric acid, The precipitate was transferred to a filter and washed with 
distilled water to a negative reaction for chloride ions. The humic acids were then dissolved in ammonia, 
excess of which can be easily evaporated. The concentration of the ammonium humate solutions was 
determined gravimetrically, the drying being carried out at 105°. All the samples for investigation were 

made from freshly prepared suspensions or mixtures of these, and subsequently at various time intervals. 


As a check of the reproducibility of the results, each sample to be studied was prepared a number of 
times; 150 to 250 photographs were taken of each sample, All the samples, with the exception of natural 
loess, were prepared in the same way: the suspensions and mixtures made from them were shaken before 
samples were taken for applying the drops to the supports. In this way particles of all sizes present in the 
suspension were obtained in the specimens, In the case of natural loess the samples were taken from the 
upper layer of a settled suspension so that very large particles, which might mask the field of vision, could 
be avoided. However, in this case also control experiments were carried out, in which suspensions of natural 
loess were diluted and shaken before sampling, It was found that the structure of the larger particles was of 
the same character as previously (in settled suspensions), Thus the results are based on completely reproducible 
data, 


Natural loess, as is known, consists of many components: clay minerals, various salts (mainly of 
calcium and magnesium), and remains of plants and microorganisms in the form of humus. These components 
probably influence structure formation processes in loesses, It was therefore desirable first to study the 

influence of such surface-active substances as humic acids on the structure of crystals of calcium and 
magnesium carbonates and calcium sulfate which are present in loess, 


It is known that surface-active substances influence the form and dimensions of crystals, and therefore 
structure formation processes in structurized systems. Ammonium humates, calcium and magnesium 
carbonates, and calcium sulfate were therefore studied separately under the electron microscope, and then 
mixtures of these in various proportions were studied, 


According to electron microscope data, ammonium humates consist of fine particles, a few hundredths 
of a micron in size, joined into large flocculent aggregates. Electron micrographs of aqueous calcium 
carbonate suspensions show that calcium carbonate consists of aggregates of very fine particles of various 
sizes (but no larger than 0,05-0.07= ). Magnesium carbonate also consists of aggregates of semitransparent 
particles 0.2 —0.4. in size. 


A study of the interaction of ammonium humates with calcium and magnesium carbonates showed 
that ammonium humates have practically no effect on the structure of calcium and magnesium carbonate 
particles irrespective of the proportions in which these salts and ammonium humates are taken and of the time 
elapsing after preparation of the mixtures, 


A totally different situation is found in the interaction between ammonium humates and calcium 
sulfate, According to electron microscope data, calcium sulfate particles in aqueous suspensions are needle- 
like in shape, reaching 0.8 y in length and severalhundredths of a micron in width, The particles are 
generally joined into aggregates, Ammonium humates have a considerable effect.on the form and dimensions 
of the calcium sulfate particles, Additions of 0.4 and 1.3% of ammonium humates at once result in re- 
crystallization of the calcium sulfate, the particles of which become progressively larger, As the ammonium 
humate concentation increases from 6,9 to 17.6%, the calcium sulfate particles are first peptized, and 
subsequently recrystallization occurs in the mixture, accompanied by considerable growth of the crystals. 
When the ammonium humate concentration reaches 31,8%,peptization of the calcium sulfate particles 

first takes place, and subsequently, owing to the blocking effect of the ammonium humates, the recrystallization 
of the calcium sulfate is retarded. 


Recrystallization of the calcium sulfate which occurs in ammonium humate — calcium sulfate mixtures 
is due to presence of ammonium humates in the mixture, as a pure aqueous suspension of calcium sulfate, al- 
lowed to stand 120 days under ordinary laboratory conditions, yields the same electron micrographs as freshly 
prepared aqueous suspensions of calcium sulfate. 


In order to study the effects of calcium and magnesium carbonates, calcium,sulfate, and humic acids 
on structure formation in loess it was first necessary to study loess from which these components had been 
removed, Removal of calcium and magnesium carbonates from loess was effected by treatment of the loess 
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with 1% acetic acid solution, while the calcium present in the loess was removed by treatment with 0.5% 
barium chloride solution. It may be assumed that prolonged washing of the loess with water also removed 
the water-soluble humic acids, 


Figs. 1-6. Microphotographs showing variations in the structure of 
loess under the action of additions. 


In our electron microscope investigations of suspensions of loess or of their mixtures with other 
components, the particles seen in the microphotographs are referred to = B pee particl2s,” irrespective of 
whether they are clearly defined particles of individual minerals contained in the loess, or Suir 
formations consisting of different minerals and-salts which are components of the Spee pie to 
electron microscope data, particles of natural loess (Fig. 1) are aggregates 1 to 2 in size, consisting of 
smaller particles, 


Acetic acid treatment causes dispersion of the loess, with formation offine particles of irregular 
shapes, a few hundreths of a micron in size, and needlelike particles 0.5—0.7 # in length, These needle- 
4 . . . . . 

like particles have sharp outlines (Fig, 2) in contrast to the particles with a loose structure and indistinct 
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outlines. Loess particles remain practically unchanged after treatment with barium chloride solution (Fig. 3). 


The nature of the interaction between loess and calcium and magnesium carbonates is quite different 
from that between loess and calcium sulfate. Calcium and magnesium carbonate are evidently substances 
which bind the mineral particles in loess, as dispersion of the loess occurs after removal of the carbonates. 
Removal of calcium sulfate has practically no effect on the size of the loess particles, 


To confirm this hypothesis of the cementing (binding ) effect of calcium and magnesium carbonates on 
loess and to determine the nature of the interaction between calcium sulfate and loess, and also between 
humates and loess, studies were made of the influence, first of the individual components, and then of their 
mixtures in various proportions, on structure formation processes in loess, As far as possible, the mixtures 
consisting of loess, humates, calcium and magnesium carbonates, and calcium sulfate, were made up in the 
proportions corresponding to natural loess, Loess treated with acetic acid was used, The influence of the 
individual components and their mixtures was studied with freshly made preparations, and subsequently at 
various time intervals, in order to observe the course of structure formation in loess. For studies of the effect 
of calcium carbonate on structure formation in loess, a number of mixtures was prepared consisting of aqueous 
suspensions of loess with increasing amounts of calcium carbonate, The interaction of loess with calcium 
carbonate first results in slight aggregation of the loess particles. Subsequently (after 4 days) the aggregates 
become considerably larger, reaching 2 and over (Fig. 4), Structure formation in loess is intensified by 
the combined action of humates and calcium carbonate, large rapidly growing amorphous particles being 
formed, Addition of calcium carbonate to aqueous suspensions of clay minerals also causes aggregation in 
these systems. 


The interaction of magnesium carbonate with loess is similar to that of calcium carbonate, with the 
difference that the aggregation processes are considerably slower in the former case, 


A study of the combined action of humates and magnesium carbonate on structure formation in loess 
showed that magnesium carbonate does not exert the cementing action in presence of humates which is found 
in the case of pure magnesium carbonate. Thehumatesin the mixture, however, also do not influence 
structure formation in loess, while addition of humates only to loess suspensions causes some aggregation of 
the loess particles. This suggests that in a mixture consisting of magnesium carbonate, ammonium humates, 
and loess, magnesium carbonate reacts chemically with the humates to form insoluble magnesium humates, 
so that the individual components do not exert their influence on structure formation in the loess, 


Calcium sulfate in the pure state also has no effect on structure formation in loess, irrespective of time 
and concentration. Figure 5 shows a microphotograph of a mixture of aqueous suspensions of calcium sulfate 
and loess washed with acetic acid. Particles can be seen characteristic of loess treated with acetic acid, as 
seen earlier in Fig. 2, | 


In the loess — calcium sulfate — humate mixture, according to electron microscope data, aggregation 
occurs, accompanied by an increase in the density of the aggregates and considerable increases in their size 
(Fig. 6). This is probably caused by the binding properties of calcium sulfate which are effective in presence 
of humates, as pure calcium sulfate 1as no influence on loess, while recrystallization of calcium sulfate occurs 
in its aqueous suspensions in presence of humates, with increase of crystal size, In this case the rapidly 
growing calcium sulfate crystals may “seize” the smaller loess particles, Simultaneous addition of the main 
loess components (carbonates, humates, calcium sulfate) to washed loess induces aggregation processes with 
formation of rapidly growing aggregates, 


Electron micrographs of loess particles washed free from calcium and magnesium carbonates indicate 
that in this case the loess particles are small (a few hundredths of a micron) and are incapable of forming 
dense aggregates, while gradual addition to aqueous suspensions of washed loess, first of calcium and magnesium 
carbonates, calcium sulfate, and humates separately, and then in mixtures of 2 and 3 components, and finally 
of all these components in a mixture, showed that loess particles are aggregated in presence of these compo- 
nents. Therefore, structure formation in loesses primarily depends on their mineralogical composition. Con- 
sequently, the size of the loess particles, the loose and porous nature of its structure, and the formation of dense 
crusts on surfaces of loess strata, are all associated with the presence of calcium and magnesium carbonate, 
humic substances, and calcium sulfate in the loess. 
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DISCUSSION OF RESULTS 


The main property which distinguishes loess from other sedimentary minerals is the loose and porous 
nature of its structure, which persists through practically the whole stratum. The chief mechanical component 
of loess is fine dust, of which up to 70% is present. It is also known that loesses have a high carbonate 
content, Therefore it seems likely that carbonates, by binding together the fine loess particles, play the main 


part in the formation of the loose and porous structure of loess, ’ 


In fact, a comparison of electron micrographs of natural loess and of loess washed with acetic acid to 
remove carbonates showed that the particles in natural loess are aggregates up to 1-2, in size, consisting of 


smaller particles, while treated loess is seen to contain very small randomly scattered particles a few 
hundredths of a micron in size, 


Addition of calcium and magnesium carbonates to aqueous suspensions of loess previously washed free 
_ from carbonates induces aggregation of the loess particles, large aggregates being again formed; the loose 
structure of loess is due to the manner in which these are packed, 


The study of the effect of calcium sulfate on loess showed that when it is removed from natural loess 
the loess particles remain practically the same as before the removal. Addition of pure calcium sulfate to 
aqueous suspensions of the treated loess has no effect on the loess structure, irrespective of concentration or 
time, Therefore calcium sulfate in the pure form plays no part in the formation of loess structure, However, 
in presence of humates recrystallization occurs in aqueous calcium sulfate suspensions, accompanied by 
rapid growth of the calcium sulfate crystals. Evidently, in presence of humates,calcium sulfate can influence 
structure formation in loess, In fact, if calcium sulfate is added together with humates to aqueous suspensions 
of treated loess, structure formation occurs in the loess and very large aggregates are formed, 


Simultaneous addition of the principal components of loess (carbonates, humates, etc.) results in 
aggregation, with growth and condensation of the aggregates, It is known that the surfaces of loess layers 
with a porous and loose structure may become covered with dense formations similar to the soil crusts formed 
on cultivatedland in Central Asia. 


As was shown earlier [6], when loess is humidified the particles swell and small pores form in them, 
through which water-soluble salts may rise by capillary action and accumulate on the surface. In fact, an 
aqueous extract of natural loess obtained by ultrafilmation contains dissolved calcium sulfate and magnesium 
and calcium bicarbonates, Increase of the contents of these substances on the surfaces of loess strata, and 
especially of the calcium sulfate content, may result in the formation of the dense crusts, 


It is known that carbonates and calcium sulfate are present throughout the thickness of the loess stratum, 
the carbonate contents sometimes reaching 50%, and the calcium content 2%, Therefore an increase of the 
carbonate content in the surface layer (where it is already high) should not play any important part in the 
formation of dense crusts on the loess surface, while an increase of the calcium sulfate concentration may 
have an important effect on structure formation in the loess, In the presence of the humates which are always 
found in loess, recrystallization of calcium sulfate takes place, with very rapid crystal growth, This favors 
the formation of large aggregates which create a dense and fairly strong structure on the loess surface, 


Since sierozem soils formed on loess deposits have almost the same composition and properties as 
loess, the mechanism of formation of loose and porousstructures and surface crusts on loess strata may also 
apply to processes of lump and crust formation in sierozem soils of Central Asia. 

SUMMARY 


1.. Structure formation in loesses has been studied by means of the electron microscope, 


2. It is shown that ammonium humates added to aqueous suspensions of calcium and magnesium 
carbonates have practically no effect on their structure, but addition of these humates to aqueous calcium 
sulfate suspensions results in recrystallization and rapid growth of the calcium sulfate crystals, 


3, Calcium and magnesium carbonates influence structure formation in loess, causing formation of 
aggregates, the nature of the packing of witich is the cause of the loose structure of loess, 
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4. Calcium sulfate in the pure form has practically no effect on structure formation in loess. In presence 
of humates, recrystallization of calcium sulfate occurs, with rapid growth of its crystals which, by binding the 
- loess particles together, can form either large dense aggregates or structural frameworks which give rise to 
dense formations on the loess surface. 


The alkaline extract of humic acids used in this investigationwas kindly provided by Prof. S. N. Aleshin, 
to thom we express our gratitude. We also thank Prof, I. N. Antipov-Karataev for supplying samples of clay 


minerals. 


‘ 
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THE EFFECT OF AIR IONIZATION ON THE DISPERSE PHASE OF AEROCOLLOIDS 


‘dy BOiyaeva, Av E, Mikirov, and N. S.. Smitney 
7 


It was shown in the previous comunication [1] that artificial increase of air ionization by ultraviolet 
and X-rays and 8 -particles results in a 3-4 fold increase of the concentration of ultramicroscopic particles 
and a more than 10-fold increase of the number of condensation nuclei. Wilson [2] observed mists in pure 
moist air without water vapor supersaturation upon irradiation by "strong ultraviolet," M. Curie [3] introduced 
radon into small chambers (30-55 cc) and observed the formation of mists in air of relative humidity from 
100 to 7%; she noted that the mists were visible for 10-20 days after introduction of radon into the chambers 
and disappeared only when the radon concentration in the chamber fell considerably as the result of disintegra- 
tion. Finally, Strieder et al. [4]irradiated pure moist air by X-rays and obtained mists at a relative humidity 
of ~ 100%. Our object in the present work was to study the scattering power and stability of such mists. 


EXPERIMENTAL 


The optical system used in the experiments in shown in Fig. 1. Rays from the light source S, passing 
through the condenser K, the diaphgram D, and the objective OQ, are rendered parallel. The light then passes 
through the objective O, and reaches the screen E situated at the focus of the objective O, giving a real 
image of the diaphgram D of natural size. The screen is 3X 3 mm. A photomultiplier type FEU-1 is situated 
behind the screen, The aerosol cell a-c, 1.6 liter incapacity ‘with plane-parallel sides, was placed between 
the objectives O, andO2, Thus, if no optical inhomogeneities are present between the objectives OQ, andO, 
(with the cell empty) no light reaches the photocathode, and the microammeter in the photomultiplier 
circuit registers the dark value of the current (Ip ). 


When an aerosol forms in the cell, 
the light scattered by the particles will pass 
around the black screen and reach the photo- 
cathode, and as a result current (I) will 
flow through the microammeter, The 
magnitude of this current is a measure of the 
scattering power of the mist, and depends on 
the concentration and size of the particles, 


The optical diagram shows that the 
indicatrix of light scattering by the particles 
is rationally utilized, As is known [5], most 
Fig. 1. Optical diagram of the experiments. of the light (80%) scattered by a particle is 

directed forward and is contained in an 
angle of 45-50°. This made it possible to measure fairly accurately variations of the scattering power of 
turbid media with time. 
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Ionization of the air in the cell (chamber) was effected by a-particles from Po of different 


activities by introduction of the sources into the chamber. 


Results of Determinations, In all cases in which air of relative humidity not greater than 100% was 
ionized by a a-particles, a visible mist was formed, the rate of formation of which depended on the activity 
of the source. The mists were very stable in these humidity conditions, and were destroyed very 


slowly after removal of the radioactive source. 
The increase of the light scattering power of the mist with the time of irradiation by sources differing 
in activity by one order of magnitude is given in Table 1. 


The same apparatus was used to 


a determine the stability of the mists by the 
Light Scattering by Mist Formed as the Result of changes of their light scattering power with 
Irradiation of Moist Air by «-Particles time, 


After the radioactive source had been 
removed from the chamber, the scattering 


Activity of source Activity of source power of the mist decreased, and usually 
ee Oe ee Ce after several hours I/Iy became practically 
Irradiation|§ catteri | Irradiation | Scatteri equal to unity, The results of such a determina- 
time, min]POwet Vip time, min, | Power vie q 2 


tion are given in Table 2, 


The results of our experiments confirm | 


Aw eee Me ‘og the visual observations of Wilson [2], M. 

45 4.09 70 1.04 Curie [3], and Strieder et al. [4]. 

90 4.12 85 1.03 

59 4.22 115 1.06 Moreover, our experimental data show 

60 1.37 130 1.08 n ‘ficial i € the ioninali f 

65 4.42 160 4.42 at artificial increase o € ionization o 
175 _ moist air of relative humidity not over 100% 


not only increases the concentration of the 
TABLE. 2 submicroscopic condensation nuclei) and 
ultramicroscopic fractions of the disperse 
phase of aerocolloids [1], but produces a 
visible stable mist. Measurements of the 


Variation of Light Scattering by a Mist With Age 


Age of eee Age of Scattering light scattering power of such mists showed 
mist in ower I mist in iri i iation a 
eainutes P iinutes’ | Power I/Ip that it increases with irradiation time and 
source activity. For éxample, on irradiation 
00 1.38 205 4.22 by a SOURCE of 200 mcurie,a mist was formed 
45 1.38 220 4.42 in 5-10 minutes, and after 65 minutes its 
a Te we at light scattering was 42% greater than that of 


the same air before irradiation. The action 

of a 20 mcurie source produced a mist visible 

after 20 minutes, and 175 minutes after 

irradiation the light scattering was 12% 
higher than before the irradiation, It was shown experimentally that such mists are stable; i. e., in our condi- 

. tions they persisted for several hours, 


SUMMARY 


‘1. Increased ionization of the air (the dispersion medium) increases the concentration of submicroscopic 
particles (condensation nuclei) and ultramicroscopic fractions in the disperse phase of aerocolloids and results 
in formation of a visible mist, 


2, The rate of formation of such aerocolloids depends on the activity of the ionizing radiation source, 
and therefore on the rate of formation and the concentration of ions in the dispersion medium. 


3, Such mists are stable in the conditions studied, and increase light scattering by 12-40%, according 
to the activity of the source and the time of irradiation. 


Geophysical Institute, Acad, Sci, USSR Received May 5, 1956 
Moscow 
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INTERMOLECULAR STRUCTURE OF HIGH POLYMERS. 


GOMMUNICATION 22.) MODIFICATION OF THE MOLECULAR STRUCTURE OF HIGH POLYMERS 
BY THE INCLUSION METHOD 


Bos NN. Bykov and A. B. Pakshver 


Inclusion can serve as one of the methods for modifying the molecular structure of high polymers. By 
inclusion of molecules of an inert substance in the molecular structure of a polymer previously loosened by a 
substance which causes swelling, it is possible to preserve the loose structure. In this way it is possible to 
increase the reactivity of high polymers (cellulose, polyamides, acetylcellulose, etc.) in solution, dyeing, and 
sorption of acids and bases. 


Only a few investigations, relating to hydrate cellulose fibers, and cellulose, have so far dealt with 
inclusion in high polymers. Nikitin [1], in a study of the esterification of cotton linters, noted that after 
preliminary swelling in water and treatment with pyridine (inclusion) cellulose is much more rapidly esterified. 
Hydrate cellulose treated with pyridine remained highly reactive even after drying. 


Rogovin [3] attributes the increased reactivity of cellulose containing included substances to im possibility 
of removing the included substances for steric reasons. Because of the presence of the included substance 
within the fibers the distance between the macromolecules increases and formation of hydrogen bonds between 
adjacent macromolecules is hindered. Krassig [4] included various organic liquids: benzene, acetone, 
pyridine, etc., in cellulose swollen in water. The reactivity of the cellulose increased, and it reacted readily 
with hexamethylene diisocyanate, combining with up to 0.25 mole of hexamethylene diisocyanate per 1 mole 
of glucose residue. The result of inclusion treatment of cellulose depends both on the molecular size of the 
included substance, and on the degree of preliminary swelling of the cellulose or hydrate cellulose fibers, 


No publications have yet appeared on inclusion in synthetic polymers, although Scharf [5], who studied 
the action of mineral and organic acids on polyamide fibers, was in fact dealing with inclusions in polyamides, 
The increased sorption of dye anions in the regions damaged by acid can only be explained by inclusions in the 
polyamide, 


The present paper is the first communication on a series of investigations on modification of the 
molecular structure of high polymers by the inclusion method in order to increase their reactivity. 


EXPERIMENTAL 


The inclusion treatment was carried out as follows. A sample of the fiber, cellulose, or flake ~2g in 
weight was treated with a substance causing swelling of the polymer and weakening the forces between the 
macromolecules, For polyamides, phenol solutions (15, 20, and 25 g/liter) and 15% HSQ, solutions; for 
cellulose, 5 and 10% NaOH solutions; and for acetylcellulose, 10,30 and 40% aqueous acetone solutions and 
20% HCOOH solution were used for this purpose. The samples were pressed out after the treatment and the 
swelling liquid was replaced by the inclusion substance: benzene, acetone, alcohol, ether, or water (in the case 
of capron and acetylcellulose), The replacement was performed consecutively, for example: 
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Phenol (or NaOH) —* water —> alcohol —> benzene (or ether) 
Phenol (or NaOH) —* water —* acetone — benzene (or alcohol) 
Acetone (or HCOOH) —* water —* alcohol —> benzene (or ether) 


The inclusion treatment time was 30 minutes for polyamides and 60 minutes for acetylcellulose and 
cellulose. The treatment temperature was 20°. The treated polymer was dried at 50° for 1 hour. 


Various methods were used to evaluate the influence of inclusion on the polymer properties: sorption 
rates of dyes, acetic acid, and phenol; also, for polyamides, the time required for solution, the rate of dye 
sorption for acetylcellulose, and the rate of dye sorption and viscose filtration blockage coefficient for 
cellulose. 


An acid brown dye was used for polyamide dyeing (pH 3; dyeing time 10 minutes). Acetic acid was 
used at 0.01 N concentration. The phenol used as the sorbed substance after inclusion had a concentration 
of 8 g/liter; the sorption time was 10 minutes, The amount of substance sorbed was determined from the 
concentrations in solution before and after treatment. The solubility of capron resin was determined in 
concentrated solution of calcium chloride in methyl alcohol at 60°. 


The dye used for acetylcellulose was Acetoquinone Blue. The sulfite cellulose was previously shredded 
and treated with NaOH solution to remove hemicellulose. 


Cellulose reactivity before and after the inclusion treatment was determined by the method of the 
All-Union Scientific Research Institute for Artificial Fibers [6], i. e., by the retardation of the filtration rate 
of viscose solution, and also by the rate of dye sorption (Congo Red, dyeing time 10 minutes, dye concentra- 
tion 0.5 g/liter), The capron resin was reprecipitated from solution in 88% phenol. Ethyl alcohol was used 
to precipitate the resin from this solution. 


The tensile strength and extensibility of the fibers were determined with the aid of a recording dynamo- 
meter. 


Tables 1 and 2 give the results of studies of the effects of inclusion of various substances on the properties 
of polyamides (flake and fibers), cellulose, and acetylcellulose. The properties of the original polymers are 
taken as 100% in all cases, 


These results show that polymer reactivity can be increased by inclusion in all cases. The sorption of 
dyes and acids by capron resin and fibers is increased by a factor of 1.4-2.2, and the sorption of phenol, 
nearly 4-fold. The solution time of carpon resin is decreased by 30%. Cellulose and acetylcellulose take up 
1.2-1.8 times more dye after inclusion treatment, 


The viscose-making properties of cellulose are also improved, and filtration blockage rate is consider- 
ably decreased, All this is explained by the fact that preliminary treatment of the polymer by the swelling 
agent causes rupture of intermolecular bonds and weakening of molecular interaction, This change of 
structure becomes fixed by incorporation of the included substance, the presence of which prevents re~intensifica-. 
tion of the weakened forces between the macromolecules, The higher the concentration of the substance 
causing swelling of the high polymer, the greater is the inclusion effect and the reactivity of the treated 


polymer, 


It is true that an increase of acetone concentration above 10% in the treatment of acetylcellulose some- 
what lowers its reactivity (dye sorption), However, this is probably caused by removal of the more active low 
molecular portion of the acetylcellulose, soluble in 30-40% acetone solutions. 


Some increase in the reactivity of the inclusion-treated polymer also occurs with increasing molecular 
weight of the inclusion substance, Sorption of dyes and acids increasessomewhat, polyamide solution time 
decreases, and the viscose filtration blockage rate is lowered, It seems that an included substance of higher 
molecular weight, on incorporation between the polymer macromolecules, creates greater obstacles to the 
restoration of the molecular bonds broken during swelling. 


Reprecipitation of capron resin leads to a sharp increase of reactivity, as the reprecipitated resin has a 
looser structure with fewer molecular bonds, and the active polyamide groups become more accessible to dyes 
, and acids, The solution time of such resin is also considerably less, The physicomechanical properties of 
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drawn capron yarn are changed by inclusion treatment: the fiber strength is decreased by 10-25%, and the 
extension at break increases by 25-30%, 


TABLE i 


Effects of the Inclusion of Various Substances on the Properties of Capron Resin and Fibers 


% Change after inclusion 
(for 60 min. at 20°) of 


Substance Swelli 
studied erga Method of evaluation a , 
Fi Ke) 
O 
S| |Bs] 3 
NS a md Ri 
Capron resin 20 g/liter Dye sorption _ 463.) 188: | 438-1 — 
phenol Solution time 68 65 71) — 
Ditto, after re- 20 g/liter Dye sorption 803 | 711} 710} — 
precipitation* phenol Solution time 43 49 49; — 
Undrawn capron .| 25 g/liter Dye sorption 187; — | — | — 
yarn "phenol Sorption of acetic acid 
172 | 148 | — => 
15 g/liter Dye sorption 472°) 2445 [SSS Op 
phenol Sorption of acetic acid 
135 | 133 | — — 
Ditto, drawn Sorption of Sorption of phenol 390 | 329; —-| 245 
acetic acid | Tensile shee iS 81 m1) — 79 
Extension at break 125} 131] — 128 


* After reprecipitation, capron flake without inclusion takes up 636% of dye and the solution 
time decreases to 57%, 


TABLE. 2 


Effects of the Inclusion of Various Substances on the Properties of Cellulose and Acetylcellulose 


% Change after inclusion 


(for 60 min. at 20°) of 


Swellin cae etn ee as 
8 Method of evaluation] «2 


2 solution © 3) a 
Substance N 8 a g 7 
a ee sal Ua 
pee 6 
Sulfite cellulose* | 5% NaOH | Filtration blockage 
rate — i ee ae 
Dye sorption — 122 | — — 
10% NaOH | Filtration blockage 
Tate 78 91 | 100] 143 
Dye sorption 188 | 186} 130] 170 
(Bona) 
Acetylcellulose | 10% acetone Dye sorption 1454); — | — a 
30% -acetone Ditto 428 | — aa 430 
40% acetone » » 99.) — _— — 
20% formic acid | » » 437} — — 416 


* All the data refer to sulfite cellulose from which hemicellulose had been removed by treat- 
ment with 17.5% NaOH solution, This treatment increases the filtration blockage rate to 158% 
and dye sorption to 115%, 
| 81 


SUMMARY  . 


1,. Inclusion treatment increases the reactivity of high polymers, considerably raising the sorption rates 
of dyes and acidsby polyamides,and of dyes by acetylcellulose and cellulose. 


2, The viscose-making properties of cellulose are improved and the solution times of polyamides are 
decreased, 


3. The greater the preliminary weakening of the high polymer structure, the greater is the effect 
produced by the inclusion and the higher is the polymer reactivity. 
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EQUILIBRIUM OF A VISCOPLASTIC DISPERSE SYSTEM ON A ROTATING DISK 


ADAM Gutkin 


4 Tyabin, Shklyar, Mosikhin, and Vinogradov [1] have described a centrifugal method for studying the 
theological properties of greases, based on investigations of the equilibrium and flow of a thin layer of grease 
on a rotating disk. This method can be used for studying any viscoplastic disperse system, However, the 
theory of the method as put forward by the authors cannot be accepted as correct. The defects of the theory 
are largely due to the fact that it is based on the "general equation for the flow of a viscoplastic medium," 


proposed by M. V. Tyabin. Comments on this equation and on its practical applications have already been 
published [2]. . 


The problem of equilibrium in a layer of a viscoplastic disperse system) on a rotating disk is considered 
below. Since the case of the flow of the medium is not discussed, plastic viscosity does not enter the solution | 
of the problem. This then reduces to the problem of the elasticoplastic equilibrium of the disk, differing in 
boundary conditions from the problem of elasticoplastic equilibrium of rotating disks which was examined by 
Sokolovsky [3]. The difference in boundary conditions significantly influences the method and solution of the 
problem, 


Suppose that a layer of viscoplastic medium of thickness h lies on a disk rotating with angular velocity 
w. Itis assumed that adhesion takes place between the disk and the grease layer, i. e., that the displacement 
u of the medium on the disk surface is zero: u, = 0 and u, = 0 when z = 0. With these boundary conditions 
the problem can be solved in terms of deformations, 


In the elastic deformation region the components of the stress tensors in a cylindrical system of co-~ 
ordinates are expressed as follows: 


Ou u du, 
op = —pt+2G—", 4 =—pt+ 2G, 2=—pt+2G a 
Ou Ou 
ce = G(GE + Gt)i te = 05 te = 0, () 
where G is the shearing modulus, p = =1/, (co; +o0g +0,). 
The equations 
q San du, 0: du, =, 
E pee Ny a9 ’ a9 == 
are a consequence of circular symmetry. 
7 In the given conditions the equilibrium equations have the form: 
. 0 o o ’ 
o, TZ APR eAS) 2 0: 
LEAS Oz 
or ay Oz vig re 2b : (2) 
OT, do, “fe Tz 0 
or 02 r (3) 
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In addition to Equations (2) and (3), the equation for continuity of displacements must be satisfied: 


Ou 


i Uy du, 
aR Rae age (4) 


In order that Equation (4) should be satisfied identically, we introduce a certain function ,such that 


‘ _ 1 o% 
et) it Semele Fo. (5) 


Replacing the stress tensor components in Equations (2) and (3) by their expressions in the form of 
(1) where displacements are first expressed in terms of p, we have: 


Op. GLO gaat 
OP er Ete (6) 
te) 
a elt 
(7) 
where A denotes the operator 
SON hoe) kook 
ik: LNG MAL de 
(8) 
Eliminating p from Equations (6) and (7), we have a differential equation for y» : 
AAd = 0. 
(9) 
Differential Equation (9) must be solved for the boundary conditions; 
a dae 1 of 0 
OF Facet aye when z = 0; (10) 
du,. du 
t= G/ 2 -++ =) =0, o, = 0), 
when z = h. (11) 


The medium is assumed to be unlimited in the directionr. The function y is found to be: 


) = 7? (az + bz?), 


satisfied, 
; du 
Since —& =0 everywhere, it follows from the first boundary condition in (11) that 
du,. 
3p = 7 (6az + 25) =, when z =h, 
and hence 


6ah +2b =0 (12) 


The second boundary condition in (11) may be transformed into 


SP = 0, when z =h (13) 


From Equation (6) it follows that 


op 
73; = r (6aG — pw*). 
To satisfy Condition (13), the following equation must be true: 


6aG = pw, (14) 


From Equations (12) and (14) the constants a andb can be found, Thereby the function y and the 
values of u,, UZ, Tyrz. are also found, 


The pressure p is found to be 


p = pa? (z — h)?. (15) 


The boundary of the elastic deformation zone is found from the condition 


+ [(o, — 92)? + (82 — Sq)? + (5r — Solis i555 0, (16) 


i. e., by equating the tangential stress intensities to the yield stress, 


Equation (16) leads to equation for the boundary surface separating the elastic and plastic deformation 
regions: 


074 [3z? (z — 2h)? + r?(z — h)?) = 0. (17) 


If the thickness of the layer is small, the first term in the square brackets may be neglected, and 
Equation (17) is simplied to 


pwr (h — z) = 8. (18) 
Thus, the region of plastic deformation approaches most closely to the axis of the disk at the periphery 
0 
ee alr (19) 
If rg is known, @ can be found: 


0 = pw roh. j (20) 


The constants a and b are to be determined from the boundary conditions (11), which have not yet been 


mi) 


If the radius of the layer is less than or equal tor,, the medium will not flow. 


The solution found for this case is not exact, as the medium is assumed to be unlimited in the direction 
of the axisr, The boundary conditions for the lateral surface of the layer of medium therefore did not enter 
into the formulation of the problem. However, the error introduced if the boundary conditions at the lateral 
surface are not satisfied cannot be large, because the height of the layer is small. 


If the radius of the layer is greater 
thant, the medium will flow and the 
Table of Yield Values position of the elastic zone boundary will 
depend not only on 6, but also on the 
viscosity and flow rates. Formula (20) can 


Revolutions} Radius of Height of @ calcula- 


of disk per | elastic rease layer} ted from be used to find 9 experimentally, by studying 
min. zone in a ee Ledeen the behavior of the medium on a rotating 
cm » . 


a disk. The formula gives the most accurate 
results if the layer of medium with radius R 


Y 5.6 3 3000 ; 

500 43 3 3600 is applied and the angular velocity is then 
600 3.75 3 4500 gradually increased until the medium begins 
700 3.4 2.8 5000 fl 

800 2.8 2.8 5600 to flow. 

9 2.5 2.5 560 
1300 at 95 : Deo ies Let us determine the yield value of a 
1600 t.fo 1.8 5900 lubricant grease by means of Formula (20) 


on the basis of the experimental results 
described in [1]. The results treated in this 
way dre given in the table. 


The values of 9 found from the results of the first three experiments must be considered low, as the 
radii of the elastic zone in these experiments were less than the radii calculated from Formula (20). The 
reason for this was that, in addition to its plastic properties, the viscous properties of the grease also 
influenced its behavior, as in these experiments the viscoplastic grease covered the whole disk and was in a 
state of flow on it before the measurements were made, 


The last five experimental determinations give values for the yield stress of the grease which: are in 
fairly good agreement with each other. These values are close to the yield value (6000. dynes /cm®*) which, 
as is noted by the authors [1], was obtained by K. I. Klimov for this grease by another method. 


SUMMARY 


1.. Deformation and stress distributions in a layet of a plastic medium in equilibrium on a rotating disk 
have been determined, 


2, A relationship has been derived between the limiting radii of the medium in the equilibrium state 
and the yield value, 


3. The formula has been used to calculate yield values from the experimental results of N. V. Tyabin, 
L, A. Shklyar, E. P, Mosikhin, and G, V. Vinogradov. 


The Molotov Institute of Power Engineering Received March 26, 1957 
Moscow 
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INVESTIGATION OF THE STRUCTURE AND PROPERTIES OF CARBON CHAIN 


POLYMERS IN DILUTE SOLUTIONS 


2. SOLUTIONS OF |VINYL CHLORIDE — ACRYLONITRILE COPOLYMER 
S.G. Zelikman and N. V! Mikhailov 


Copolymerization is one of the most widely used methods for the production of polymers with a great 
variety of properties. Copoiymers are becoming increasingly important in the production of synthetic fibers, 
At the present time fibers based on caprolactam and AH salt copolymers (trelon, eftrelon), acrylonitrile and 
vinyl acetate, acrylonitrile with small amounts of other monomers, etc., are widely used, 


Synthetic fibers made from vinyl'chloride — acrylonitrile copolymer have certain specific properties 
which distinguish them advantageously from most other types of carbon chain fibers, These properties include 
high stability to heat and light, easier dyeing, stability in many organic solvents, absence of shrinkage, and 
high strength in the wet and dry states. Because of the good fiber properties and wide availability of the raw 
materials, this is one of the most promising copolymers [1]. 


The present paper describes a study of the properties of vinyl chloride — acrylonitrile copolymers, The 
properties of the pure polymers were described previously [2]. 


EXPERIMENTAL 


- 


Three copolymers were used for the study, with the following ratios of acrylonitrile to vinyl chloride: 
40:60, 29:71, and 13:87% by weight. The physicochemical properties of these copolymers and methods for 
their fractionation have not been described in the literature, 


— The 40:60 and 29:71 copolymers were fractionated from acetone solutions. The solvent used for the 
copolymer containing 13% acrylonitrile was a 5:1 mixture of acetone with dimethylformamide. 


The fractionation procedure for the 40:60 copolymer was as follows; a mixture of methanol and acetone 
(10:13) was added dropwise. with stirring to a 2% solution of the copolymer in acetone until a flocculent 
precipitate was formed. After settling and decantantion the precipitate was washed with methanol and dried, 
These operations were repeated to precipitate the following fractions. The last fraction was precipitated by an 
excess of pure methanol. The copolymers containing 29 and 13% acrylonitrile were precipitated by a 3:1 
mixture of acetone and water. ‘The last fraction was precipitated by an excess of water. Three fractions, 
differing in specific viscosity, were isolated from each of the copolymers. These fractions were used for 
studying the viscosity. and osmotic pressure of the copolymers. The nitrogen contents of the fractions were 

* determined by the Kjeldahl method, It was found that the fractions of a given copolymer, while differing in 
molecular weight, had equal nitrile group contents. The differences between the fractions corresponded to 
~ 0.5% nitrile groups, which is within the error limits of the nitrogen determination, 


The variations of viscosity with concentration in the 0,25-1.0% range, and also variations of viscosity with 
temperature (from 20 to 60°) were studied for all the copolymers, The osmotic pressure was determined at 20, 
35, and 5(@, To determine molecular weights, r/c graphs were used and the reduced osmotic pressures were 
extrapolated to zero concentration, The methods of viscosity and osmotic pressure determinations were described 


previously [ 2]. 
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Fig. 1. Variation of specific viscosity with 
concentration of copolymer solutions: 1) fraction 

I of 40:60 copolymer; 2) fraction I of 29:71 copolymer; 
3) fraction I of 18:87 copolymer; 4) fraction III of 
copolymers of all compositions. 
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Fig. 2, Variation of reduced viscosity at 20, 30, and 


40° with concentration of 40:60 copolymers: I) fraction 


I, mol. wt. 54,000; III) fraction III, mol. wt. 30,000. 
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Molecular Weights of Copolymer Fractions at 20,35, and 50° 


Copolymer Fraction | at temperature, °C 
| 


Copolymer 40 : 60 
Copolymer 29:71 | 


Copolymer 13 : 87 


Molecular weight of copolymer 


The variations of specific and reduced 
viscosity with concentration for copolymers 
of different composition are shown in Figs. 
1,2, and 3. 


The variation of viscosity with 
temperature for fraction I of the 40:60 
copolymer is shown in Fig. 4. In the 
temperature range studied, the variation of 
specific viscosity with temperature was linear 
for all the copolymers. The slope of the 
nspt curves depends on the molecular 
weight of the fractions and the solution 
concentration: the slope increases with 
increasing molecular weight and concentra- 
tion. 


As is seen from Figs. 2 and 3, the 
relationship between reduced viscosity and 
concentration is practically linear for all 
the copolymers in the concentration region 
0.25~— 0.85%. Figure 5 shows the variation 
of reduced osmotic pressure with concentra~ 
tion for the two extreme fractions (I and III) 
of all the copolymers at 20, 35, and 50°, The 
molecular weights of the copolymers are 
given in Table 1. 


Table 1 shows that the molecular weights 
of any given copolymer fraction practically 
coincide at different temperatures, The 
molecular weight variations with the 
temperature are very small, and are within 
the limits of experimental error. 


Thus, like the pure polyvinyl chloride 
and polyacrylonitrile polymers, their copoly- 
mers W of various compositions form true 
solutions at infinite dilution, and no molecular 
aggregation occurs, The absence of aggrega- 
tion is also indicated by the linear course of 
the sp —c curves, A comparison of the 
copolymer properties shows that the viscosities 
of the copolymers of all compositions practic- 
ally coincide at low molecular weights 
(fraction III), Some differences are found for 
the fractions of higher molecular weight 
(Fig. 6). 


The curve shows that copolymer visco- 
sity increases with increasing nitrile group 
content, Small deviations from addjtivity are 


found even for dilute solutions (0.65%). To evaluate the flexibility of the copolymers studied, the values of p 


were calculated (Table 2), 


A comparison of the values of 4 for polymer fractions of approximately equal molecular weight shows that 
the 40:60 polymer has the greatest flexibility. The flexibility of copolymers with lower nitrile group contents 
approaches the flexibility of polyvinyl chloride, Variations of y with composition (for fractions of similar 


molecular weight) are shown in Fig, 7. 
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Fig. 3. Variation of reduced viscosity at 20 and 50° 
with concentration: I) fraction I of 29:71 copolymer; 
II) fraction I of 13:87 copolymer; III) fraction III of 


29:71 and 13.87 copolymers. 
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Fig. 4. Variation of specific viscosity of 40:60 copo- 
lymer with temperature at different concentrations. 


TABLE 2 
Values of u for Copolymers of Different Compositions 
Molecular 
Copolymer weight of 
fraction 


lymer 40:60 54 000 
ae 30 000 


Copolymer 29:71 53 000 
se um 33 000 


Copolymer 13 : 87 59 000 


p. 


0.38 
0,46 


0.41 
0.47 


0.44 


This leads to the conclusion that copo- 
lymer flexibility decreases with decreasing 
molecular weight. Copolymers of all composi- 
tions with molecular weight ~ 30,000 
fraction III), and polyacrylonitrile, consist 
of rigid molecular chains, These results 
agree with the findings of Flory [3] and Lang 
and Munster [4] that the second virial coef- 
ficient of osmotic pressure depends on the 
molecular weight of the polymer, 


The temperature — osmotic pressure 
relationship was used to calculate the 
changes in the thermodynamic functions (free 
energy AF, enthalpy AH, and entropy AS); 
the results are given in Table 3, 


The appreciable differences between 
the properties of the copolymers and the pure 
polymers can probably be explained if the 
dipole interactions of the CN and Cl groups 
are taken into account. Both polyvinyl 
chloride and polyacrylonitrile are polar poly- 
mers, The dipole moment of Cl” ( for 
example, in 1,3-dichloropropane:) ‘is 
25-10 ; , and the dipole moment of 
nitrile group is 3,5 ‘107* In the case 
of copolymers a decrease of polymer polarity 
caused by intramolecular action between Cl 
and CN groups can probably be assumed, In 
fact, introduction of CN groups into the poly- 
vinyl chloride molecule disturbs the regular 
arrangement of the chain segments, which 
favors easier coiling of the molecules into 
globules. If a Cl group is then found close 
to a nitrile group carbon, dipole attraction 
will prevail over repulsion. 


In presence of such intramolecular 
saturation, the polarity of the moleculesshould 
decrease somewhat, and this should lead to 
increased polymer flexibility, decrease of 
intermolecular interaction, increased solubil- 
ity, etc. Similar views on dipole interaction 
within molecular polymer chains were 
advanced earlier by Mikhailov [5]. 


This view is confirmed by studies of 
the properties of mixtures of pure polymers, 
in which fairly stable (CN — Cl) bonds are 
formed between the molecules, leading to 
considerable changes in the behavidr of such 
mixtures in solution and in the solid state. 
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TABLE 3 


Changes of the Thermodynamic Functions for Copolymers of Various Compositions 


(dimethylformamide solvent) 


S 2 
a d AF, 10? AH, “10 AS; exp ‘1 fs ) 
Copolymer g eee cal./mole cal./mole _|_cal./mole_|S g 
° YD. len} ° 
5 oy 5 ; ° ° © K|315,0° K} sj 
|S & & 293° K| 308° K | 323° K |300,5° K] 315,5°K)300,5° K[345, < 
E |8d og IP SIb Bie ea he tobi eles 
Copolymer 40 : 60 I 0.25 | 0.213) 0.231] 0.274) 20-147 0.651" 12 2.8 0.65 
0.45 | 0.394] 0.428} 0,496] 0.27) 0.95} 2.3 4.9 4.20 
0.65 | 0.565) 0.625} 0.736} 0.60) 4.65} 4,0 7,4 Aone 
0285810. 907).0: 98442. 443) O54) 40 73h 23.1 a2 2.30 
Ill 0.25 | 0.385} 0.414) 0,428] 0.42) 0.06) 1.7 i le 1,20 
0.45 | 0.702] 0.753} 0.796} 0.30} 0.413) 3.4 2.8 2.16 
0.65 | 1.044) 1.096) 1,164) 0.03) 0.30] 3.6 4.5 S7 
0.85 | 1.370} 4.438) 1.506/—0.05|—0.03] 4.9 Ley 4.59 
Copolymer 29:71 I 0.25 | 0.234) 0.240) 0.257] O 0.410} 0.6 cE 0.69 
0.45 | 0.441) 0.445! 0.487) 0.25) 0.45}) 2.2 2.9 4729 
0.65 | 0.605) 0.659] 0.727) 0.45} 0.56) 3.6 3.9 1 %0 
0.85. | 0.976] 1.079) 1.198} 4,04) 41.37) 6.9 8.0 2200 
Ill 0. 25°10 5342|_0.368! 0.394) 0.472 OCT Sh 7 Dine 4.410 
0.45 | 0.608} 0.651} 0.719} 0.05) 0.75) 4.6 Les 1.98 
0565) (205873) 0.943) -1,.0271=-0 231 3 Gro 62 2.90 
Copolymer 13: 87 I On255)) 0.41841) 02 223|50.257) 7 OF49)> Or4e7 2eo Dey 0.64 
0.45 | 0,354] 0.411] 0.462! 0.82} 0,64) 4.0 os HE 20) 
0.65 | 0.544) 0.599] 0.676} 41.15) 0.98} 5.7 ea 1.69 
0,85 — 0.907] 1.9027, —- 456 —| 8.0 DIGS 
ai 9} 50. 
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Fig. 5, Variation of reduced osmotic pressure with, 
concentration; I) fraction.£ of all copolymers; III) 
fraction III of all copolymers, 
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Fig. 6. Specific viscosity of 0.65% solu- 
tions as a function of the composition (PAN = 
polyacrylonitrile, PVC = polyvinyl chloride), 
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Fig. 7. Values of the constant » as a function 
of the composition for polymers of similar 
molecular weight. 


SUMMARY 


1, The variation of the viscosity of vinyl chloride — acrylonitrile copolymers of various compositions 


with temperature has been studied in the range 20~60°; the specific and intrinsic viscosities of the copolymers 
in dimethylformamide have been determined, 


2, The molecular weights of copolymer fractions have been determined at 20, 35, and 50° (by the 
osmotic method) and the changes in their thermodynamic functions have been calculated, 


3. The view is put forward that the differences in the copolymer properties (increased solubility and 
molecular flexibility, decreased solution viscosity, change in the heat stability) are explained not only by 


the irregular structure of the copolymers, but also by intramolecular interaction between polar groups; in this 
instance, between chlorine and carbon of the nitrile groups. 


All-Union Scientific Research Institute Received August 2, 1955 
for Artificial Fibers, Mytishchi 


LITERATURE CITED 
[1] Z. A. Rogovin, Chemistry and Technology of Artificial Fibers, State Light Industry Press (1952). 
(2] N. V. Mikhailov and S, G, Zelikman, Colloid J., 18, No. 6, 717 (1956). 
(3] P. Flory, J. Chem, Phys, 13, 453, (1945). 
[4]. X. Lang, A. Munster, Naturwissenschaft, 3, 68 (1946), 
[5] G. P. Mikhailov, Progr. Chem., 24, No. 7, 875 (1955). 


41 


ital anes seat 


an 


AS fe f= = 


_ i ste 


see te 


DISTRIBUTION OF A WEAKJELECTRULYTE IN THE DOUBLE LAYER 
1 Ge eevee ENt 
The existing theory of strong electrolytes [1] is based on the assumption that a self-consistent field 


may be used, * The distribution of positive and negative ions is therefore purely Boltzmann in character, 
It is natural to assume that the existence of a relationship between the dissociation constant and the field 


strength must influence this distribution in some way [2]. The derivation of this distribution must be based ‘ 


not on the existence of a self-consistent field, but on the general Gibbs method, 


Debye and Hiickel applied the idea of a self-consistent field [2] to calculating the deviations from 
ideality of the thermodynamic functions of dilute solutions of strong electrolytes, Fowler [3] derived the 
condition for the applicability of the self-consistent field to dilute neutral solutions of strong electrolytes, 
Kramers [4] calculated the statistical integral and found the deviations of the thermodynamic functions 
from ideality without using the self-consistent field concept, Although the self-consistent field method 
can be applied to neutral solutions only at very low concentrations, it has been used by various authors 
for calculations of interactions in the ionic double layer, where the ionic concentrations can by no means 
be regarded as low. In establishing the applicability of this method to ionic double layers, Frenkel [5] 
pointed out that the slow decrease of the field with distance (in proportion to 1/r) should result in small 
fluctuations, and thus make the use of the self-consistent field legitimate. However, at first sight Fowler's 
work appears to contradict this, Moreover, the view is widely held that the self-consistent field may be 
used up to concentrations at which the interaction between two particles is less than the thermal energy, 
i. e., until e'/ i; «kT. 


It will be shown that Fowler's calculations are applicable only to neutral solutions, ** and that when 
repulsive forces are predominant the self-consistent field may in any case be used up to concentations at 
which intermolecular forces begin to operate, 


Application of the Fowler Method to Double Layers of Strong Electrolytes 


Fowler considers the statistical integral (partition function) 


B(T)=\...\e-Umr ar #** 


® The self-consistent field method is an approximate method in which the interaction energy between 
particles is replaced by the sum of the interaction energies of one particle with the others, The latter set 
up a force field with the property that the probability distribution of each particle in this field is ~ e 
and with this density distribution the particles themselves create this field, which is termed self-consistent, 
** Here and subsequently this refers to the electric charge and not acidity. 

ees U is the potential energy of particle interactions as a function of their coordinates, the product of the 
differentials of which is expressed conventionally as ati, 


-ep/kT 
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and, if U contains long-range forces, he formally introduces the function W, defined by 


Ce—-WikT = \ eye J eur ar’, (1) 


where the integral is not taken over the coordinates of the i-th particle. 


In a double layer of strong electrolytes, in the absence of specific adsorption. forces, U represents the 
interaction energy of the charged particles among themselves and with the external field 


=e ee =< DieZsto 


where gy, is the external field. 


Differentiating Equation (1) with respect to Xie 


Ww 
Le es eae is (evn aT; 
Hi 


i 


or 


ow ’ ou ’ 
—WIkT — 2 —U|kT ak —U|kT 
mi -Ce- ae ae arj=|...fe Bz, ar. (2) 


Fowler [3] points out that W in Equation (2) can be interpreted as the average energy of the i-th particle, 


After differentiating again, performing the same operations with respect to y; and z; , and adding the 
three equations, we have: 


aw ae SGEY] | Jemma 


is \. : Aedes [Aw .: = (yer 


t 
Qe] 


(3) 


Fowler notes that the electrostatic energy U; always satisfies Laplace's equation 


’ 


Ay = — Steet 


and therefore 


AW’ ae =i 3 (<= Oe, ~) —( ol ’ / (8a) 


from which we can find the root mean square deviation of the force acting on the i-th particle. 
In evaluating the applicability of the Debye-Hiickel theory, Fowler assumed that the deviations will 
W 
be small if a is mainly determined by a constant field which does not depend on the particle distribution, 


However, this evaluation cannot be applied to a charged electrolyte, As will be shown, the field formed by 
the particles distributed in it is stable in a number of cases, This is because the root mean square deviation 
of the derivative of the energy from its mean value will be much less than the mean value itself, if it is 
possible to divide the region of the double layer into a large number of layers, in each of which the difference 
between the space-average of the density at any time and its time-average is much less than the latter. A 
more exact evaluation may be obtained directly from Equations (3) and (3a), 


For simplicity, we consider the one-dimensional case: 


(=Y-GN- EET <4 [vo—rma]. 


But, since the greatest density deviations occur when the deviations are independent and the numbers of 
particles are not related in a way such that an increase of their number in one region results in a decrease: 
in another, we have 


Ax 


\7@)—s@1a =) FO—FO1 =F) — F (0) Ae i4a) 


§and — *' lie between 0 and Ax, It is assumed that the greatest deviations exist in the neighborhood of 0; 
here Ax is a layer for which it is still permissible to introduce an average density. 


o.}] , 
Gl 


However, for the particle density we have, according to Equation (4), (f-f) a and hence 


FE) —F EDP (Gaye = Le, tb) 
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Here f is normalized to the density in the volume d I’. Substitution of Equation (4b) into Equation 
(4) gives 


i et f (Aa)? 
( ay ae e feo 
By comparing the terms in Equation (3a), we can formulate the condition: 


jean | D > fet (Ax)? / dP kT 


or 


1 > De? (Ax)? /4n dT kT. a 


However, to satisfy Equation (4a) it is necessary that f ( € *) differ little from (&*"), otherwise it is 
necessary to consider large values of Ax, i, e., Ax may be decreased so long as the deviations of the density 
from the mean are smaii. In other words, the approximation in question becomes increasingly valid if we 
can increase the number of parts into which we can divide the whole space interval over which the potential 
changes; these parts must however, be such that in each one the deviation of the particle density is small, 


el Aho 


We shall use the Boltzmann distribution for the evaluation; f ( -€ *") and f ( €*) should not differ 
greatly. Primes denote average values at a given interval, We require that 


£(E)—F(8") = Be eolkT — eo" lkT) << Be—v*elkT 


or 
1— e-W"-OWkT <1, ie. o—o” eee 
(6) 
On the other hand, it is also necessary that 
; 
FP >7@)—7OP = OP = FO = Be 
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But, from the first integral of the Laplace — Roltzmann equation we have: 


Ve ~ (V Ack kT )'*.e—elakr. 


(8) 
the number of particles is 
dn = V cK Ae-*lkT dx dy dz (8a) 
where VeKA is the density in the volume. Substituting the values of the densities f (—) = Be ge/kT 
aud fee) abe” gte/kT ' 
nd f(&") =Be into Equation (7), taking into account (8) and (8a), we have 
ae a 
e/ VkT pAyAz <(cKA)4 -e-vel2kT (9) 
where 1/p is the number of subdivisions, Condition (9) is satisfied even for very small values of p, 
— _€e&xP (pe/2kT) . 
Plim. ~ Vir Ay Az, (cKA)™’ 
kT’ 4 4 4 1 
Ag,: pol ASE fC ah es sich egies 2A) kT. 
lim ep, Ay 4240) , dy42 VorAe > (10) 


where A is Avogadro’s number; K is the dissociation constant,. Thus by the Set of Equations (6) and (10) we 
have shown that application of an average self-consistent field to strong electrolytes is quite legitimate for 
double layers of sufficient extent, This has been demonstrated here for a plane double layer, but it must be 


pointed out that the proof may be extended to cases involving several variables with the condition that 


sufficiently large electrodes are considered, It must be pointed out that fluctuations decrease with increasing 


ion concentration in the double layer. The above considerations, however, do not apply if it is not possible 


to select a macroscopic volume dI’, or exact AyAz, which is the case for neutral solutions, for which 
Fowler's reasoning is valid. 


Distribution of a Weak Electrolyte in the Double Layer 


As for strong electrolytes, we consider the statistical integral 


B(T)=\...\e-uur ar, (f1) 


Since the dissociation energy plays an important role in consideration of weak electrolytes, we intoduce 


intramolecular energy and forces into our reasoning. The average values of these forces may depend on the 


surrounding medium, 
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We shall consider ions only, and a distinction is made between their situation within and outside the 
molecular volume. The energy of the system will be given by the sum of the energies of all the fons, We 
first consider a binary 1:1 electrolyte. The energy U of the whole system is 


io | Se 8145) + Wot Braj 


where 6 ales Z, = Zi + Tip within the molecular volume, 


Tik 
x5t,, sy ah Zy = Z i 

Shik = 0, is outside the molecular volume. 

A function of this type was used by Kramers [4] for calculation of deviations of thermodynamic functions 


from ideality; this was required in order to make the integral convergent, 


We first determine the probability (Pi, ) of the Ith positive ion forming a molecule with the m-th 


negative ion. This is the same as finding the probability of the 1-th positive ion being in the volume of the 
m-th negative ion, and we must integrate along the coordinate of the m-th negative ion 


Pim = Gy \ Vm \ a" (exp Ea bie e- kT Winotim dV}. 


ij 


The integration with respect to dl" is performed for all the volumes except the molecular volume of the 
m-th ion, and with respect to dV, , for the molecular volume of the m-th ion, The sum of the probabilities 
that all the particles will be in the molecular state or, after appropriate rearrangement, the average num ber 
of molecules at the point T” is given by 


is 


om Var" ml (iden) ( e-UKT Wr oa rm V2, 


molecular volume (12) 


around 


where the integration is performed as stated above; Ny is the total number of molecules, 


The probability of the i-th ion being in the unbound state is: 


ie ae aV; (exp \- 7 [d( a = if. era?) (1—5,,,) + Wonot Brg) V8) 


qs 


Correspondingly, the average number of ions around a certain pointr will be obtained if in Equation (13) 
integration over the whole volume of the i-th ion is replaced by integration around a fixed point only, 
followed by multiplication by the total number of ions, 
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As was done by Fowler, we formally introduce the function Wmol? defined by the following equation: 
Ce~°moll kT = 


br i) 
; 2 (Winetectr Sa Wi “tr Winma) \ eV Ymal kT dvi. 


around rj; 


It is easily shown by differentiation that wy), is the average energy. It must be noted that the average 
value with respect to the inner integral is the most important Wenmol represents the sum of the energies 


of interaction between the k-th and n-th particles and between each of these and each of the others, with’ 
the condition that they are all in direct proximity. In some important cases it is possible to neglect, in this 
sum, the terms which represent interaction with molecules, 


We apply the term average intramolecular energy Bij mol 


OYE mol= \ Wij motexP [— Wij moi/ &T dV). 


around 7; 


Here Oi; mol Will depend on the coordinates of all the other particles, We shall assume, since’ this inter- 


- action is of a purely statistical nature, that it may be reduced to interaction with a certain average field, 
This field will be mainly determined by the ion distribution; the influence of molecular distribution will 

be slight, and therefore the estimates of the fluctuations given previously | should be of the same order 

of magnitude as before. Introduction of this average field is therefore permissible. It must be pointed out, 
however, that the field will not be self-consistent in the sense of satisfying the Laplace — Boltzmann equation, 
as molecules will also influence this field, 


aie : 
Consequently, if fluctuations are not taken into account, w ,,5; May be regarded as function of the 


strength of an average field (the strength because the molecular dimensions are small in comparison with 
the thickness of the double layer). In other words, interaction of the dipole type is taken into consideration, 
and hence 


Sno) = ij mol (F (Fj) 


We determine the ion distribution by means of perturbation theory, assuming as a first approximation that 
the energy of interaction of ions with molecules is much less than the energy of interaction with ions. Then 


owe 


1 \) 
after suitable rearrangement, we may remove 3-2 Winol ks xg if Fa. (13), but this gives an expression 


coinciding with the probability for strong electrolytes, and therefore we have nt =Ng Ky e*ey/kT. On the 
other hand, ntn” = Knmol bY definition of the dissociation constant. The possibility that the latter may depend 
on the field strength (according to Onsager [2]) must be taken into account, but 


pes 
WN” = Kg co Nmol tow 5 ¢14) 


K (co) _ "mo1) (15)- 


K (2) NmokK™ : 


On the other hand, we have from Equation (3) 


moi”) — fmol ®)+emo(] | kT or 
no) 
and hence 
In {K (x) / K (00)} = Amott?) — Aman) (17) 
or 
A ln K (z) = Aeypoi(2) / kT. sais 


This last expression is a generalization of a well known thermodynamical expression of the case when K 
depends on the field. In order to obtain the second approximation and an equation for the electrostatic field, 
we assume that 


Omolii =kTK (x;) Braj" (19)- 


This is equivalent to replacing the electrostatic forces by their average field in their action on a molecule, 


To find the distribution of the ions, we again use Fowler's theory: 


Ce-WikT — \ dE’e—Ulke (203 


where W is the average interaction with all the molecules and ions (as may be shown by differentiation of the 
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integral), as in [3], Differentiation with respect to x; gives for the derivative of the total energy 


a 
Oa, i Age DOr (Een). (21), 


) 
We note that averaging dx, kn has given the last term of Equation (21); it may be written in 


f 0 Re , 
the form ax; Emol’ 


emol= | © (2) Mmotx) dV, 22) 


where € 9) __ is the total energy of all the molecules or, introducing the average electrostatic field, 


emat= | (¥.)) "mot %_) UV; 
(23) 


and hence 


ae. _( dan ay’ Oy’ (x) 
Oz, ‘mol= | Ob7 (@) dx, aV. (2%) 


Equation (24) may, as a first approximation, be written as 


7 (2) Sav +S pla) de-a, 


where q is the charge of one particle, 


Thus, integration with respect to x gives the average value of the expression 


8 (wn) 
ay’ (wa) 7 


By its physical meaning this must be the derivative of the total energy of interaction of the i-th ion 
with the molecules, 


Let us now calculate directly the energy of interaction of the i-th ion with the molecules, Suppose 
that the i-th ion is introduced at some point of the space, Suppose that before this a field ¥" was given in 
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all space; then the total energy of the molecules was 


emol= } 0 (}’) Mmoi(’) dV. (25) 


After introduction of the i-th ion at the point (xj, Yj; , 2; ).the field was changed, and the energy of the 
system becomes: 


* ‘Sed , , ‘ , 
enoi= | (Y' + 41) nmol’ + 4) aV. 
The difference between these two energies is the required energy of interaction 


nol — fol = {le (¥” + 44) mmol’ + 4) — 6 (¥') rmor($’)1 aV (26) 
4 (an) Y; 
If yj is small relative to the whole field, the expression under the integral may be replaced by ~~ 9y’ 
: F) oe . 
Here the expression — does not depend on the i-coordinate, i, e., Equations (24) and (26) are in. 
agreement, 
Consequently, the total energy given in Equation (20) is 


a(a ' 
W = Wion +)" yay. (21) 


Introducing the average field concept, we obtain Laplace's equation 


Ar 


Ai =— Dp ? 


where Pp is taken to be the density of the ions only. The dipole correction is taken into account only in 
Equation (28), For the densities of the ions we have: 


ze A(@n) 


1 
+e Perea my’ dV 
nt~e Rl Ls Ov’ “ki (28) 


Returning to Equations (14) and (15), we have the condition that Equation (28) must not contradict 
Equation (15), There will be no contradiction if the factor is small or if it vanishes (the corrections for{ —) 


and (+) ions balance out), However, it will vanish only if the distribution itself does not depend on the sign 
of the charge, 
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In considering the range of applicability of the above theory it is first necessary to note that introduction 
of an average field strength is permissible only if the influence of the field set up by the nearest ion is consider- 
ably less than the influence of the total field at the point under consideration, This can only be the case if 
the charge distribution is fairly continuous, The sign of the charge of the ion is immaterial if charges of one 
sign predominate over charges of the other sign (this is due to the fact that the field of a plane is finite, and 
that of a point is infinite at the point), 


The following is the condition for the applicability of the theory: the inter- 
action of one ion with all the molecules must be much less than the interaction of all the ions with one 
molecule, as only then are the approximations (16), (18), and (28) valid, 


The first interaction is of the order 


\W(a)n(z)de Wry 
Son 42 ion abe: 


where W is the total energy of interaction of the molecules with the ions, It is therefore sufficient that 


n 
a « 1.* (The concentrations refer to the double layer region. Therefore our equations can always be 
on 
applied at sufficiently high potentials. However, we are concerned not with abstract values of n, but with 
those corresponding to the limiting concentrations: ng, <<1/V m* Where Vm _ is the volume of a gram- 


molecule. For these conditions we may use the results of the theory of double layers of strong electrolytes, and 
substitute the appropriate expression into Equation (15), Integration over the whole depth of the layer gives 

the total negative adsorption (desorption), However, this value is not of as much interest as it might appear, 

as it is small in comparison with the positive adsorption of ions, and its influence on surface tension will be 
slight. Nevertheless, such negative adsorption may be significant in reactions at electrodes, as neither molecules 
themselves nor definite parts of them may be found at one of the electrodes (for example, if we are dealing 

with organic acids, neither the undissociated acid nor its negative ions will be found at one of the electrodes ), 
Possibly this may be related to some forms of catalysis, 


We write in explicit form the relationship between concentration and potential 


n= Ny /F (30) 
where F is. the Onsager function [2] 
at a opt ne 18 
= 1+0-+ Dirge where B= appepe j iat 
k=r 


* It would be formally possible to use a method analogous to (16-28) to consider the reverse case Dnol/ ion >? 1 

thus obtaining the change of the ion distribution, but in view of the necessity pointed out above, for the space 
charge to be fairly continuous, this cannot be done. This is because replacement of the dipole (ionic—molecu- 

lar) interaction by an interaction with an average field is inadmissible, because of the prevailing role of fluctua- 


tions. In particular, the form of the formula for the capacity is quite obscure in this case. 
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it is known from the theory of the double layer [1] that 


Y = (VigKoAy el | £306) 


(if the influence of ions of the opposite sign is ignored; this is necessary, as our theory is not applicable to the 
region in which this cannot be done), 


A second result of the theory is that, at sufficiently high potentials, the theory derived for strong 
electrolytes is applicable to double layers of weak electrolytes. It must be emphasized that we have through- 
out considered the case of a double layer in absence of appreciable amounts of strong electrolytes, In 
conclusion, we must draw attention to the close connection between the change in the energy of molecules 
along the thickness of the double layer, if the dissociation constant depends on the field (and therefore on the 
coordinate), and the Onsager principle of microscopic equilibrium. 


In fact, it can be shown that equilibrium can be established by a noncyclic process, with a dissociation 
constant which varies along the thickness of the double layer, only under the condition that the activity co- 
efficient also varies with the coordinate, In the present instance this is equivalent to the molecule-field 
interaction varying with the coordinate, and it also indicates that this interaction is not small relative to kT, 


SUMMARY 


1, Electric field strength fluctuations in the double layer at electrodes of sufficiently large size are 
small, and introduction of the average field is permissible. Conditions are derived for which deviations of 
the field strength from the average value are small. 


2. In the double layer region, where the number of molecules is much less than the number of ions 
(in practice, for dilute solutions, throughout the double layer if the potential differences are not too small), 
it is permissible to apply all the consequences of the double layer theory of strong electrolytes, including 
those relating to capacity, if the values of the concentration and the dissociation constant in the depth of 
the solution are taken. 


3. It is shown that the distribution of neutral molecules varies in inverse proportion to the dissociation 
constant, The relationship between the distribution and the field has been derived in explicit form for cases 
to which Onsager's theory of dissociation of weak electrolytes is applicable. 


4, Decrease of the number of neutral molecules at the electrode surface may be of importance in the 
occurrence of chemical and electrechemical reactions at the electrode surfaces, 


I express my gratitude to Prof. V. G. Levich for proposing the problem and for criticism of the first 
version of the paper, and to Academicians M. A. Leontovich, V. I. Kogan, and I, Z, Fisher for their interest, 
discussions, and valuable advice, 
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COMPATIBILITY GF NITROCELLULOSE WITH BUTADIENE— 


‘ 


AGRYLONITRILE COPOLYMERS 


3. DEPENDENCE OF FHE GLASS FRANSITION TEMPERATURE AND FLOW OF NITROCELLULOSE) FILMS ON 
_ THEIR CONTENTS OF VARIOUS BUTADIENE ~AGRYLONITRILE COPOLYMERS 


L. E. Kalinina, V. I. Alekseenko, and §. Ss, Voyutsky 


Studies of the changes of deformation of polymer mixtures in relation to the component ratios and 
temperature extend our knowledge of the compatibility of polymers and of the plasticization of rigid polymers 
by high-molecular softeners. Moreover, determination of the effects of butadiene — acrylonitrile copolymers 
on the transition temperatures of nitrocellulose is important from the practical standpoint, as it provides 
information on the behavior of such systems in use under various temperature conditions, 


The studies were performed on films made from solutions of nitrocellulose and butadiene — acrylonitrile 
copolymers with the following acrylonitrile group contents: 


SXIDORVENIGES. 505i a Wiss bbe scence SED rADCEEE Ge GEO OMMRLaG Ey ererER a ne 1 2 38 4 
moryionitnie group contents, (Jo eg. eg ee ais oleme Ale she se Gated 28,6 Stel 44,4 
The preparation of the films is described in one of our previous communications [1]. 


The deformability of the films over a wide temperature range was determined by means of Vv, A. 
Kargin's modified dynamometric balance, in which the specimens were subjected to periodic extension at a 
gradually increasing temperature. The temperature was raised uniformly during the tests, by approximately 

.2° per minute. The deformation of the spécimens was measured at 5-10° intervals; the load was 15 kg/cm? 
The specimens were always of standard size. The width of each specimen was 5 mm, and the length of the 
working section was 20 mm. The deformation was always read off 3 seconds after application of the load, 


Figure 1 shows the thermomechanical curves obtained, which represent variations of extension deformation 
with temperature under constant load for nitrocellulose films containing various amounts of different butadiene— 


acrylonitrile copolymers. 


It follows from Fig. 1, which refers to experiments with copolymer 1, that the relative extension of 
nitrocellulose itself is very small, and increases very little with temperature. Additions of from 20 to 60% 
of the weakly polar copolymer 1 produce relatively slight increases of déformation. With higher contents of 
copolymer 1 in the films the deformation — temperature curve is shifted in the direction of lower temperatures, 
The sharp inflections in the curves for films with high contents of copolymer 1 indicate that in this case there 
is a direct transition from the glassy to the viscofluid state with increase of temperature, at temperatures 
below zero. The absence of regions corresponding to a state of high elasticity on the curves can be taken as 
indicating mutual insolubility of the two components, and therefore inability of copolymer 1 to elasticize 
nitrocellulose. The system is evidently heterogeneous at all the component ratios studied, and probably 
consists of microvolumes of one phase dispersed in the other, the mechanical properties of the film being, of 
course, determined mainly by the properties of the external phase, From this viewpoint, the different deforma- 
tions of films with low and high contents of butadiene — acrylonitrile copolymer must be attributed to the fact 
that in the first case the external phase is nitrocellulose (or, more accurately, a dilute solution of butadiene — 
acrylonitrile copolymer in nitrocellulose) and in the second, butadiene — acrylonitrile copolymer (or, more 
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Figs. 1,a and 1,b. Effect of temperature on the deformation of nitrocellulose 
films with different contents of butadiene—acrylontrile copolymers; a) copoly- 
mer 1, b) copolymer 2; 1) nitrocellulose film; 2) ditto, with 20% copolymer; 
3) ditto, with 40%; 4) ditto, with 50%; 5) ditto, with 60%; 6) ditto, with 80%; 
7) film of copolymer 1 only. 
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Figs. 1,c and 1,d. Effect of temperature on the deformation of nitrocellulose 
films with different contents of butadiene—acrylonitrile copolymers; c) copoly- 
mer 3; d) copolymer 4); 1) nitrocellulose film; 2) ditto, with 20% copolymer; 
3) ditto, with 40%; 4) ditto, with 50%; 5) ditto, with 60%; 6) ditto, with 80%; 
1) film of copolymer 1 only. 


accurately, a dilute solution of nitrocellulose in butadiene — acrylonitrile copolymer), Phase inversion occurs, 
to judge by the positions of the curves in Fig. 1, when the system contains 60-80% butadiene acrylonitrile 


copolymer. 


The situation is somewhat different for films containing the more polar copolymer 2. As Fig. 1, b 
shows, the thermomechanical curves for films with fairly high contents (40-60%) of this copolymer have 
inflections characteristic of high-elastic materials. This indicates that the butadiene — acrylonitrile copolymer 
2 can elasticize nitrocellulose, and is therefore compatible with it, At very high contents of copolymer 2 
the inflexions on the curves degenerate — with increase of temperature the material passes directly from the 
glassy into the viscofluid state. It is likely that intermolecular forces are weakened to a greater extent than 
intramolecular by the introduction of large amounts of the copolymer. It is significant that in the case of 
nitrocellulose films containing various amounts of copolymer 2 the thermomechanical curves are arranged 
much more uniformly on the diagram. This indicates that phase inversion does not occur in the system with 
increase of copolymer 2 content, as is the case in mixtures of nitrocellulose and copolymer 1. It also confirms 
that the two components are compatible. 


The thermomechanical curves for films containing copolymers 3 and 4 are also situated uniformly on 
the diagram, and are,in general,similar to the curves discussed above. However, a comparison of the curves 
in Figs. 1, c and 1, b shows that copolymer 3 has a greater effect than copolymer 2 on the displacement of 
the transition temperatures of the mixtures from one state into the other, into the lower temperature region. 
Moreover, the curve for the mixture of 80% nitrocellulose and 20% copolymet 3 is already clearly S-shaped. 
This indicates that copolymer 3 lowers the energy level of the potential barrier of rigid molecules; i. e., that 
it has a stronger elasticizing effect than copolymer 2 on nitrocellulose, However, degeneration of the curve 
(disappearance of the region corresponding to a state of high elasticity) occurs in this case at alower content 
of the copolymer, The curves for films containing copolymer 4 indicate considerably greater extensions in 
the temperature range of high elasticity, as Fig. 1, d clearly shows. 


- The deformation — temperature relationships shown in Fig, 1 can be readily used to determine glass 
transition temperatures T, , flow temperatures T;, and differences between these values T, — Ts for mixtures 
containing different butadiene — acrylonitrile copolymers and nitrocellulose in various proportions, The 
graphical method often used for this purpose [2, 3] was applied; The glass transition temperature was taken 
to be the temperature corresponding to the intersection of the abscissa axis with extension of the linear portion 
of the curve in the region of transition from the glassy into the high-elastic or viscofluid states. The flow 
temperature was taken to be the temperature corresponding to the intersection of the extensions of the linear 
portions of the curves in the high-elastic region and at the beginning of the viscofluid region, 


The results are givenin the table following. . It must be pointed out that Tg and T, could not be 


determined for mixtures containing up to 60% butadiene — acrylonitrile copolymer 1, since the inflections on 
the curves for such mixtures lie above the temperatures investigated. Moreover it should be noted that the 


values found for Ty and T, are extremely conventional, as they depend on the methods used for their determina- 
tion [4, 5]. 


As the table shows, the maximum difference between T, and T, , which represents the temperature 


g? 
range of the high-elastic state,increases with increasing acrylonitrile group content in the copolymers. This 
indicates that the elasticizing action increases with increasing polarity of the butadiene — acrylonitrile 
copolymer. Since the rigidity of a high-molecular plasticizer usually increases with polarity, the only 
explanation of this effect is that the compatibility of nitrocellulose with the copolymer increases with rising 
acrylonitrile group content. 


It also follows from the table that, for butadiene — acrylonitrile copolymers compatible with nitro- 
cellulose, increase of polarity leads to a decrease of the amount required for elasticization, For example, 
in the case of copolymer 2 an elasticizing effect is found only with 50-60% of the copolymer, In the case 
of copolymer 4, an elasticizing effect occurs with 20-40% of the copolymer. With higher contents of this 
strongly polar copolymer the system passes directly from the glassy into the viscofluid state with increase of 


temperature, This also can only be explained by the better compatibility of strongly polar copolymers with 
nitrocellulose, 
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TABLE 


Glass Transition Temperatures Ty , Flow Temperatures Ty , andDifferences Tr — Ty for Nitrocellulose 


Films with Different contents of Butadiene — Acrylonitrile Copolymers 


io . Copolymer 1 Copolymer 2 Copolymer 3 Copolymer 4 

e a 3] T% | 7% [-%l Tp Te \te-Td Tg | TE [%-Te "| TE -7 

O08 | 
20 — _ -- —- — — 104] 145) 41 104} 144] 40 
40 — — 93 | 139 | 46 61} 123] 62 62} 142] 80 
50 -- — 82 | 138} 56 52 52 0 58 58 ) 
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The data in Fig..1, which represent the effect of temperature on the extension of nitrocellulose films with 
different contents of various butadiene — acrylonitrile copolymers, may be represented in the form of curves 
showing the variation of deformation with film composition at different temperatures, Such curves are shown 
in Fig. 2, 


It is seen that in the case of nitrocellulose films containing copolymer 1 (Fig. 2, a) the deformation 
increases first slowly and then rapidly with increasing copolymer content, An inflection corresponding to a 
high-elastic state of the mixture is found only in curves corresponding to 140-150°, Films containing copolymer 
2 shows similar behavior, In the case of the nitrocellulose film containing copolymer 3 (Fig. 2, b) aninflection 
is already found on the curve for 120° , 


Finally, in the case of nitrocellulose containing the highly polar polymer 4 (Fig. 2, c)inflections are 
visible on curves corresponding to temperatures above 60°. However, at temperatures of 110° and over these 
inflections disappear probably because at these temperatures all specimens containing copolymer 4 are capable 
of flow. It must be noted that similar behavior was found in studies of the plasticizing action of a true low- 
molecular plasticizer, dibutyl phthalate, on polyvinyl chloride [2], 


A comparison of Figs, 1 and 2 reveals a definite resemblance between the curves, Deformation increases 
both with rise of temperature and with increasing content of the butadiene — acrylonitrile copolymer in the 
film. Some of these curves haveinflections,which may be interpreted as being due to the fact that the mixtures 
have high-elastic properties in the corresponding ranges of temperature or butadiene — acrylonitrile copolymer 
concentration, Degeneration oftheinflections in the curves in Fig, 2, c for high temperatures corresponds to 
degeneration of the inflectionsinCurves 2, 3 and 4 (Fig. 1) which represent mixtures with high contents of the 
butadiene — acrylonitrile copofymer. 


This similarity between the deformation — temperature and deformation — composition curves is quite 
understandable, Both types of curves represent variations of deformation with rupture of intra - and inter- 
molecular bonds at polar groups, but in one case this rupture is caused by temperature and in the other by 
presence of a high-molecular plasticizer. 


The data in Fig, 1 can also be represented in the form of curves showing variations of deformation with 
the content of polar acrylonitrile groups in the polymer used for plasticizing the films. Examination of such 
curves shows that deformation of the films first increases and then decreases with increasing content of acrylo- 
nitrile groups in the copolymer added to the nitrocellulose, Maximum deformation is found in mixtures 
containing copolymer 3, It seems likely that this copolymer also has the maximum effect on nitrocellulose, 
This entirely agrees with the result derived by analysis of extension diagrams for nitrocellulose films 
containing various butadiene — acrylonitrile copolymers [1], A comparison of these curves also shows that 
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deformation of the films increases sharply with increasing contents of t butadiene — aérylonitrile Sopaimers in 
the films. 


In the case of films of pure butadiene — acrylonitrile copolymers, the curves for deformation as a function 
of the acrylonitrile group content in the copolymer are of a different character — deformation decreases 
sharply with increasing polarity of the copolymer, 

SUMMARY 


1, The nature of the relationship between deformation and tem perature for nitrocellulose films with 
various contents of butadiene — acrylonitrile copolymers indicates that a weakly polar copolymer containing 
18.4% acrylonitrile groups is not compatible with nitrocellulose and cannot plasticize it, Copolymers with 
higher acrylonitrile group contents are compatible with nitrocellulose and can plasticize or elasticize it. 


2, The difference T,— Ty which represents the temperature range of the high-elastic state of nitro- 


cellulose films containing butadiene — acrylonitrile copolymers, increases with increasing acrylonitrile group 
content in the copolymers, This indicates an increase of the elasticizing action of butadiene — acrylonitrile 
copolymer on nitrocellulose with increasing polarity. 


3, Curves for the variation of deformation with content of butadiene — acrylonitrile copolymer in the 
nitrocellulose are similar in form to the deformation — temperature curves, It is suggested that this similarity 


is the consequence of the similar effects of temperature. and copolymer addition on the rupture of intamolecular 
bonds at polar groups, 


4, The maximum influence on the deformation of nitrocellulose films is produced by the addition of a 
butadiene — acrylonitrile copolymer containing 37.7% acrylonitrile groups to nitrocellulose, 
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THIXOTROPIC STRUCTURE FORMATION AND ELASTIGOPLASTICOVISCOUS 
PROPERTIES OF ASKANGEL SUSPENSIONS 


E. I. Kobakhidze and M. E. Shishniashvili 


As is known, thixotropic structure formation and the structural and mechanical properties of bentonite 
suspensions are among the most important of their varied characteristics, Studies of these properties are, 
on the one hand, of independent scientific importance in relation to the mechanism and principal laws of 
structure formation, and, on the other, the structural and mechanical characteristics are used for evaluation 
of the properties of structurized systems used in various branches of the national economy. In particular, 
thixotropic bentonite suspensions are extensively used in oil-well drilling, the success of which largely 
depends on the thixotropic and the structural and mechanical properties of these suspensions [1]. 


It has been shown in the numerous investigations by Rebinder and his school [1— 3] that the process of 
thixotropic structure formation is completely reversible, and after complete or partial breakdown the thixo- 
tropic structure is again fully restored. In such systems, cohesion between the elements of the structural 
network is effected by van der Waals coagulation forces, weakened by very thin layers of the dispersion 
medium. The relatively easy breakdown and easy restoration of coagulative cohesion ensures complete re- 
versibility of the system, It has also been shown [4] that completely reversible spatial structures, such as 
the structures in bentonite clay suspensions, are conventionally solid-like plastic bodies, with conventional 
flow limits. : 


The present investigation consisted of a study of the mechanism of thixotropic structure formation and 
the structural and mechanical properties of askangel suspensions in relation to the equilibrium pH on 
treatment with 1 N NaOH solution, 


Askangel is a highly disperse, strongly swelling bentonite, and it forms thixotropic suspensions with low 
solid-phase contents, Askangel has very promising applications in various branches of the national economy, 
especially for drilling processes [5]. Suspensions of natural, and particularly of chemically treated askangel, 
are high quality suspensions with clearly defined thixotropic properties; they produce a thin but strong crust, 
not easily permeable to water, on the borehole walls, thus decreasing possibilities of caving, Because of 
their good thixotropic properties, askangel suspensions satisfactorily retain the cuttings in a suspended state 
if the circulation in the borehole stops, and eliminate the danger of drill clogging, 


It must be pointed out that additions of even small amounts of natural askangel greatly improve the 
inferior suspensions of clays of other origins, confer thixotropic properties on them, raise their stability, and 
diminish water loss [5]. 


The above advantages of askangel suspensions are due to their special physocochemical and especially 
structural and mechanical properties. .Because of this, apart from its independent scientific importance, the 
present investigation is also of practical value for determining the best methods for the production of 
drilling muds and for quantitative evaluation of their working properties, 


Investigations in our laboratory have shown that high quality clay suspensions, satisfying the demands 
of complex deep oil-well drilling, must be made from highly disperse fractions of bentonite clays, We 
therefore isolated highly disperse fractions of natural askangel, in powder form, for the investigation, The highly 
disperse askangel powders were prepared from dilute ( ~ 3%) aqueous suspensions which were settled for 
three days to deposit the coarse fractions, with subsequent evaporation of the settled suspensions on the water 


bath. 
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The structural and mechanical properties of 4% suspensions prepared from the powders so obtained 
were equivalent to the properties of 7% suspensions of the original askangel. 


The thixotropic properties of the systems were studied by the increase with time of the yield value Ps 
which is conventionally taken to represent the strength of the structure. -On the basis of besa cn me 
systems were,kept at rest in a dessicator until thixotropic buildup was complete; their eto es 
properties were then studied by Rebinder’s method [3], based on investigation of the deformation kinetics at 


constant shearing stress, 
Askangel suspensions were studied with the aid of a Veiler — Rebinder type instrument [6], and askangel 
pastes with the aid of the Tolstoi instrument [7]. 


Investigation of the kinetics of thixotropic structure formation in askangel suspensions in relation to the 
solid-phase concentration showed that the time for thixotropic structure formation increases with increasing 
solid-phase concentration. Thixotropic buildup of dilute (3, 4, and 5%) askangel suspensions is largely 
completed in 120-300 hours; the strengthening of askangel pastes (7, 8, and 10%) continues for 20-30 days. 
However, the coefficient of thixotropy [8] 

Pm — P 


0 
cr 


(where P, is the original strength of the system, and P,, is the strength after timer ) decreases sharply, 
probably in consequence of retarded orientation of the particles. 


Figure 1 shows a graph of the variation of 
the coefficient of thixotropy with solid-phase 
concentration during the time of thixotropic build- 
up, 120 hours. According to the literature [8, 9] 
the coefficient of thixotropy of clay suspensions 
e first increases to a maximum and then decreases 
with increasing solid-phase concentration. Evidently 
‘because of the highly disperse nature of the 
4: askangel particles the maximum of the coefficient 
of thixotropy is displaced into the low concentration 
. regions (<3%), while the decrease of Kp is 
8 restricted to a narrow concentration range, 


In studies of the kinetics of structural buildup, 
the structure was broken down mechanically and its 
restoration was verified, It was found that the 
thixotropic structures in askangel suspensions and 
pastes are eventually converted into thixolabile 


0 4 G ch structures, 
Fig. 1. Variation of the coefficient of thixotropy Figures 2 and 3 show curves for the kinetics 
K of an askangel suspension with solid-phase of thixotropic buildup of a 4% suspension and a 7% 
concentration (r }, = 120 hours), paste ofaskangel,” It is seen that only a part of the 


bonds existing between the elements of the 
structural network is destroyed by mechanical action. In consequence, the rate of restoration of the broken-down 
structure is higher than the rate of the original thixotropic structure formation, Therefore the strength ot the re- 
stored structure is considerably increased. With increasing age of the structure, its breakdown becomes less ef- 
fective, and after several breakdowns the system appears to lose its thixotropic nature. 


The formation of thixolabile structures culminates in syneresis of the system, The syneresis is increasingly 
pronounced with decreasing concentration of the solid phase, 

The incomplete reversibility of askangel suspensions and pastes is probably to be explained by their 
gradual and lengthy buildup and formation of compact aggregates during breakdown, which ultimately leads 
to loss of thixotropic properties, | 
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For comparison, a study was also made of the kinetics of thixotropic buildup in 10% suspensions of natural 
Oglanli bentonite. The results are shown graphically in Fig, 4, The thixotropic buildup time and the strength 
of the structure in 4% askangel suspension (see Fig. 2) are considerably greater (7 }, ~ 190 hours; Py, = 250 


2 
dynes/cm “) than in 10% suspension of Oglanli bentonite (r p ~ 40 hours; Pm = 170 dynes / cm” ). 


The viscosity of Oglanli bentonite suspensions does not vary with time. The viscosity of askangel 
suspensions, on the other hand, increases sharply with time (Fig. 5).* The explanation is that completely | 


reversible thixotropic structures are formed in the first, while in the second the structures are not completely 
reversible. 


For complete quantitative characterization of the structural and mechanical properties of askangel 
suspensions, € =f (+7) curves for the deformation kinetics at various shearing stresses were plotted, with 
subsequent measurements of the decay of deformation after removal of the load, The elastic, plastic and 
viscosity parameters were calculated from the results. For illustration, Fig. 6 shows curves for the deformation 


kinetics of 8 % askangel paste, Elasticity, plasticity, and viscosity data for different solid-phase concentrations 
are given in Table 1. 
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Fig. 2, Kinetics of thixotropic buildup in a 4% askangel 
suspension (the broken line indicates structural breakdown), Fig. 3. Kinetics of thixotropic buildup in 7% 
askangel paste, 


These investigations showed that suspensions 
and pastes of natural askangel have a flow limit 
P ¢ which coincides with the elastic limit, below 
2 which flow cannot be detected experimentally 
during any period of time which the experimental 
technique allows. 


The curves in Fig. 6 show that stresses 
P < Ps produce completely reversible instantaneous- 
elastic and elastic deformations, which disappear 
after removal of the load, This region is 
accordingly characterized by the instantaneous 
E, and elastic E, moduli. The elastic 
viscosity Tz, , which determines the rate at 
which elastic deformation develops, was also 
calculated, 


Fig. 4. Kinetics of thixotropic buildup in a 10% 
suspension of Oglanli bentonite. 


* A Hoeppler viscosimeter was used for measuring the viscosities of the suspensions, The suspensions were 
vigorously agitated with a stirrer before each determination. 
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Under the action of stresses only slightly 
greater than the flow limit, flow at a very high and 
constant viscosity occurs, i, e., when P > Pr flow 


7, centipoises 4 
f occurs almost without structural breakdown, Flow 


260 at constant viscosity continues over a wide range of 


shearing stresses, with the instantaneous and elastic 
deformations fully retaining their original values, 
Very rapid breakdown of the structural framework 
occurs only when the limiting deformation is reached, 
with corresponding decreases in the elasticity and 
viscosity data, 


Rheological d ¢€ /dt = f (P) curves (Fig. 7) 
for these systems consist of straight lines which cut 
off intercepts on the stress axis equal to the values 
of Pe determined directly from the curves for the 
deformation kinetics, Thus, askangel suspensions 
and pastes are characterized by a flow limit Pr, 
conventionally-instantaneous elastic modulus E4 
and elastic after-effect modulus E2 , plastic 
viscosity ,. and after-effect viscosity np . 


Q 4 72 20 26T, days 


Fig. 5. Viscosity variations with time 1) 4% 


askangel suspensions; 2) 10% Oglanli bentonite 
suspensions, 


Fig. 6. Deformation kinetics of 8% askangel paste at various shearing stresses 
P in dynes/ cm? (shown on the curves). 


The data in Table 1 show that all the elasticity and viscosity characteristics remain constant over a wide 
range of shearing stresses and increase sharply with increasing concentration of the solid phase, Increase of 
the concentration from 4 to 10% produces nearly a 100-fold increase of E, , a 30-fold increase of E, » 4 68-fold 


increase of ny , 4 44-fold increase of Ne » and a 164-fold increase of Pr. 


We also studied the effects of added electrolytes on the thixotropic and rheological properties of askangel 
suspensions, The suspensions were first treated with 1 N NaOH solution until equilibrium pH was established, 


When the suspensions are treated with NaOH solution, some of the alkali is converted into carbonate by 
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the action of atmospheric carbon dioxide; this carbonate may undoubtedly influence the structutal and 
mechanical properties, To investigate the effect of this factor, the askangel suspensions were treated with 
alkali both in presence of atmospheric carbon dioxide, and in closed vessels in absence of carbon dioxide. 
The results are given in Table 2. Table 2 shows that a longer time is needed to reach equilibrium pH in 
open vessels, with a considerably higher alkali consumption, 


The askangel suspensions differed in viscosity, 
initial strength of structure, and thixotropic proper ties, 
according to the conditions of treatment. 


40 Treatment of the suspensions with NaOH solu- 
tion in closed vessels resulted in considerable lique>: 
faction (decrease of viscosity and initial shearing 
stress) caused by the peptizing action of the alkali, 
resulting in structural breakdown, The liquefaction 
effect increases with ising pH. At pH 10,5 and 11 
thixotropic structure formation does not occur at all. 
If the suspensions are treated in open vessels, 

increase of pH increases the viscosity and initial 
shearing stress, * so that the Hoeppler viscosimeter 


cannot be used to measure the viscosity. 


de/at-10’cm/sec 


10 
Studies of the kinetics of thixotropic structure 
formation at different equilibrium pH values (Fig. 8) 
, ; showed that thixotropically reversible structures are 
tet | 20 30 P19 dynes/ cm formed in these suspensions, The thixotropic buildup 
ace) times arid the coefficients of thixotropy are consider- 
ably less ( r }, is 20-50 hours; Kp = 1,2-0.6) than 
Fig. 7, Rheological curves for askangel pastes: 1) for 4:% aqueous suspensions of natural askangel. 
8%; 2) 10%, ‘The observed thixotropic buildup in these systems is 
probably caused by the action of carbonates, formed 
.by the chemical ‘action of atmospheric GO, with the alkali. 


Investigation of the deformation kinetics of these suspensions shows that the deformation which arises in 
the system at any small shearing stress, despite its apparent slowing down and tendency to a limit, actually 
does not reach it but continues to increase gradually at a very low rate, of the order of 107°-10 ° cm/sec, 
without significant breakdown of the structural network. At these shearing stresses all the elastic and viscous 
parameters are constant and increase with increasing pH (Fig. 9, Table 3). 


TABLE 2 


4% Suspension of Natural Askangel, Treated with 1N NaOH Solution to Give Suspensions 
with Different Equilibrium pH Values 


Amount of 1N) Time to reach| Viscosity in Po 


Treatment conditions pH ae cone pandibrhen | centipoises | dynes /cm? 
per 100 ml : 
In closed vessels 40.0 0.46 42 Une 400 
10.5 0.65 14 65.7 90 
41,0 4.02 49 45.8 80 
In open vessels 9.5 0.65 30 Could not 480 
10.0 4.65 44 be measu 550 
41.0 6.49 60 Tred 800 


* The possibility of concentrational changes in the suspensions during the experiments was excluded, 


10 


2,, dynes/ cm? 


40 


400 


760 Drs. 


Fig. &. Kinetics of thixotropic buildup in 4 % 
askangel suspension at various equilibrium pH 
values (shown on the curves). 


aé/dt-10* cm/sec. 
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Fig, 10, Rheological curves for 4% askangel suspension 
at various equilibrium pH values (shown in the curves), 


40 00 100 0 200 wo eomin. 


Fig. 9. Deformation kinetics of 4% askangel 
suspension of pH 9.5, at various shearing stresses 
P in dynes/ cm 3 (shown on the curves), 


It is seen from Fig, 9 that a slight increase 
of the shearing stress results in very rapid develop- 
ment of structural breakdown processes, so that the 


. viscosity drops suddenly and flow results in decreas- 


ing viscosity. It is evident that at these shearing 


stresses the flow rate exceeds the rate of bond 


restoration, and the destroyed structures do not have 
time to be built up again. Accordingly, the 


theological curves for these systems (Fig. 10) 


consist of two regions; the first is linear, correspond~ 
ing to flow of the suspension at constant viscosity, 
with the structure still intact, and the second rises 
steeply. This portion of thecurve represents flow 


of the suspension with partially destroyed structure. 


As is known, the shearing stress correspond- 
ing to the boundary between the region of flow at 
high constant viscosity and the region of flow at 
variable viscosity is regarded as the conventional 
flow limit P,, . Systems having a conventional 


elastic region are classified with the solid -like 
plastic systems [10, 4]. 


The conventional flow limit of the suspensions 
studied is much lower than the yield value P,, (the 
strength of the structure), and increases considerably 
with increasing equilibrium pH (Fig. 10, Table 3), 


The results of our experiments justify the classification of askangel suspensions with the solid like 


plasticoviscous systems, 


71 


TABLE 3 
Elastic, Plastic, and Viscous Properties of 4% Askangel Suspension at Various Equilibrium 


pH Values 
PH 9.5; Phy = 400 “| pH 10.09Pa.e 900" [ON 110, B  =a300 
53 10; pH 11.0; P_, = 1300 
dynes/ om? dynes/ cm | dynes/cm 
EReter oe ol SEOk Stele «| Sel Blesle 
oy lo Ble Bio 8]. Slo slo Slo Blo 8 oplo 4/48) 4 8 
Sule dle gle ain 2 git gl sistas 8 8 foto 
MOSS OS YE NM so leo] et SO Sp so] Fy 
81 | 1.2 | 2,77] 0.64] 0.74} 132 | 1,76) 4.52)2.47 | 4.74 | 218 | 4.75) 10.46] 6.0 | 5.34 
418 | 1.0 | 2.83] 0.64) 0,76] 148 | 4.77) 4.44/2,.55 | 1.70 | 292 | 5.00) 10.04} 5.6 | 4.9 
491 | 4.44] 2.86) 0.72) 0,76) 221 | 1.82) 4.80)2.23 | 1.80 | 363 | 5.44) 10.89] 5.5 | 5.38 
228 | 1,09) 2.74! 0.67) 0,73) 298 | 1.78) 4.45/2.40 | 4.74 | 487 | 5.52) 11.00) 5.4 | 5.2 
264 | 1.13) 2.64) 0.65) 0.70] 334 | 1.73) — 10.01 | — } 510 | 5.56) 10.2 | 5.4 | 5.0 
304 | 1.07} — | 0.03) — | 367 | 1.75} — |0.008) — | 583] 5.00) — | 0.06} — 
337 | 4.10} —|0,04] — } 448] 1.73} —]| —] — | 619 | 4.644 — —| — 
SUMMARY 


1. The thixotropic structures formed in aqueous suspensions and pastes of askangel pass in course of 
time into thixolabile structures, resulting in syneresis of the system. 


2. Treatment of such systems with 1 N NaOH solution in open vessels sharply decreases the time of 
thixotropic structure formation and the coefficient of thixotropy. The structures formed have complete 
thixotropic reversibility. 


3. Aqueous suspensions and pastes of askangel belong to solid=like plasticsystems by their structural 
and mechanical properties, with flow limits coinciding with the elastic limits (within the sensitivity range 
of the instrument used), Their elastic, plastic, and viscous characteristics remain constant over a wide 
range of shearing stresses, and increase sharply with increasing concentration of the solid phase, 


4, The less strong and thixotropically completely reversible structures formed when askangel suspensions 
are treated with NaOH solution are conventionally classified with thesolid-likesystems, These systems have a 
conventional flow limit, below which they flow at very high constant viscosities, At these shearing stresses 
all the elastic and viscous characteristics remain constant, but increase with increasing pH. Above the 
conventional flow limit the viscosity decreases sharply and flow occurs at variable viscosity as the result 
of very rapid breakdown of the structural network which develops in the system, 


The authors express their deep gratitude to Academician P, A. Rebinder and to N. A, Serb-Serbina for 
their help in this investigation. 


The P, N. Melikishvili Institute of Chemistry, Received May 7, 1956 
Acad, Sci. Georgian SSR 
Colloid Chemistry Laboratory Tbilisi 
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GELATINIZED EMULSIONS 


- 18. O/W TYPE, EMULSIONS OF MAXIMUM CONCENTRATION WITH A THIXOTROPIC 
DISPERSION MEDIUM 


L. Ya. Kremnev 


We have demonstrated, by a number of examples, the possibility of greatly increasing the sedimentational 
and aggregative stability of concentratedemulsions(with disperse phase contents considerably less than 74% of 
the volume of the system) as the result of thixotropic structure formation in the dispersion medium. Spatial 
structure formation was induced by addition of small amounts of cetyl alcohol [1] or cholesterol [2] to the 
dispersion medium — aqueous solution of sodium oleate, stearate, or palmitate, Such solutions have very high 
rates of thixotropic buildup of the structures broken down in emulsification, This factor is decisive for preven- 
tion of coalescence of the droplets incorporated in-the spaces of the spatial networks, and for the formation of 
a highly disperse emulsion. 7 . 


A thixotropic dispersion medium, both in bulk and in thin layers, has higher structural and mechanical 
characteristics: elasticity in shear, structural viscosity, and considerable strength. An indication of these 
properties is given by the results of viscosity determinations by means of the capillary viscosimeter. As an 
example, Fig. 1 shows the variations of efflux rate vs 1/r (wherer is the time) of 1 % aqueous sodium 
oleate solution containing different concentrations of cetyl alcohol. According to Rebinder [3], this behavior 
of the protective layers on the particle surfaces provides a universal means for an extremely great increase of 
. the aggregative and sedimentational stability of disperse systems, This explains why in our experiments with 
thixotropically structurized soap solutions [1, 2] the stability of concentrated emulsions was increased by 
thousands of times, 


In the course of our investigations which led to the conclusion that emulsions based on alkali soaps are 
stabilized by unsaturated adsorption monolayers [4], it was of interest to study emulsions of maximum 
concentrations with thixotropically structurized dispersion media, and to investigate the state and structure of 
the protective layers in them. Emulsions of benzene, of maximum concentration, were prepared in aqueous 
solutions of sodium oleate mixed with cetyl alcohol were prepared for this purpose, 


The soap solutions were boiled for 20-30 minutes with weighed quantities of cetyl alcohol in a flask 
under reflux, The cooled solutions were fairly thixotropic, and were used as dispersion media for the emulsions, 
The emulsification was carried out by our method by the use of a spiral moving through the system [5]. As 
usual, the end of emulsification (formation of maximum strength emulsion) was established by the end of 
absorption of benzene by the emulsion. The emulsions were subjected to complete dispersion analysis by the 
microscopic method, the emulsion characteristics being based on the results. 


Thixotropic solutions are obtained with various proportions of soap and cetyl alcohol, but all such solu- 
tions are suitable for emulsification, irrespective of the component concentrations, 


The Table gives the characteristics of maximum strength emulsions based on aqueous sodium oleate 
solutions of three different concentrations, containing 0.025 mole/ liter of cetyl alcohol, The Table gives: | 
the maximum volume V,, of emulsified benzene in 1 ml of dispersion medium, the maximum surface S ,, 
of the protective adsorption-solvation layers per 1 ml of the aqueous solution, the minimum thickness O14, 
of the layers, and the area Sy per oleate molecule in the droplet surfaces, 


15 


Fig. 1. Effect of cetyl alcohol on structure formation 
in aqueous sodium oleate solutions (the numbers on the 
curves represent the concentrations of cetyl alcohol in 


mole/ liter), 


CLO /ot 27 Zee? 


Fig. 2, Differential droplet size distribution curve 


for a maximum strength emulsion in thixotropic sodium 


oleate solution. 
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TABLE 


Maximum Strength Emulsions in Thixotropic and 
Aqueous Solutions of Sodium Oleate 


So in 
A 


Scrit 
in 


Soo 


in m? 


Soa nin | Vo 
tration in 
mole/liter © inml 


Thixotropic solutions of Sodium Oleate 


0.033 20 446 10.0146} 350 
0.098 46 150 | 0.0066) 270 
0.164 74 250 |0,0040} 225 


Aqueous solutions of Sodium Oleate 


0.032 33 33/0.030 | 4160 
0.096 88 69}0.014 | 115 
0.160 140 100}0.010 | 100 


The maximum volume of the disperse 
phase V,, increases with soap concentration 
in the mixture at a constant content of cetyl 
alcohol in the dispersion medium, but the 
values of Vg, are much lower than in experiments 
with sodium: oleate alone [6] because of greater 
dispersion of the droplets, Indeed, the degree 
of dispersion and homogeneity of the emulsions 
is very high, To illustrate this, Fig. 2 shows a 
differential curve of droplet size distribution in 
a maximum strength emulsion in a dispersion 


medium containing 0.164 mole sodium oleate 


and 0,025 mole cetyl alcohol per liter. 


The maximum on the distribution curve 
corresponds to a droplet diameter of the order 
of 0.6, while in maximum strength emulsions 
based on soap solutions without cetyl alcohol 
the maximum is always found at a diameter 
of ~1y, which is in accordance with an 
analysis of the emulsification process [7]. The 
shift of the maximum in the direction of 
smaller drop size is due to the thixotropic 
properties of the dispersion medium, as the 
spatial structures, being rapidly restored after’ 
breakdown, prevent coalescence of the smaller 
droplets formed during the emulsification, In 
the emulsions studied the droplet diameter never 
exceeded 5 yp. 


The shift of the maximum in the direction 
of smaller droplet size results in an appreciable 
decrease of V 4, in comparison with the values 
of V q@ obtained earlier with sodium oleate, 


Returning to the table, we see that the minimum thickness of the protective layer 6 jp decreases 
with increasing soap concentration, while the maximum layer area S,, increases, As regards the packing 
density of the soap molecules onthe droplet surfaces, the values of Sq’ leave no doubt that the adsorption 
layers are considerably unsaturated monolayers, It is particularly interesting to note in this connection 


that the structural and mechanical properties of the protective layers are effective in monomolecularly 
attenuated adsorption layers, 


It is useful to compare the data obtained with the results of a study of maximum strength emulsions 
in sodium oleate without cetyl alcohol [6], The table therefore contains some earlier data for maximum 
strength emulsions in aqueous sodium oleate solutions, 


A comparison of the data in the table leads to the conclusion that addition of cetyl alcohol to the 
soap solution does not produce any radical changes in the characteristics of maximum strength emulsions 
and protective layers, However, spatial structure formation in the dispersion medium results in a sharp 
decrease in the thickness of the adsorption — solvation layers which can stabilize the droplets, ‘This is probably 
to be explained by the higher structural and mechanical properties of thixotropic stabilizer solutions both in a 
large volume and in thin layers, Accordingly, the surface area S op Of the layers formed from 1 m1 of solution 
increases in proportion to the decrease of their thickness, At the same time the adsorption layers become more 


attenuated, and the emulsifying power of the sodium oleate, quantitatively represented by the values of Sg), 
increases, 


SUMMARY 


1, Maximum strength o /w type emulsions have been prepared in thixotropic sodium oleate solutions, 
In agreement with Rebinder's views, the main factors determining the stability of such emulsions are the 
structural and mechanical properties of the protective adsorbed solvate layers. 


2, Thixotropic structure formation in the dispersion medium of the emulsion results in an appreciable 
increase of the emulsifying power of the stabilizer and a decrease of the critical thickness of the protective 
layers, 


3, The protective adsorbed layers are monomolecular and unsaturated, 
4, Emulsions with a thixotropic dispersion medium have a very high degree of dispersion and are 


homogeneous in droplet size. 


The Lensoviet Technological Institute Received April 16, 1956 
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INVESTIGATION OF STRUCTURIZED SUSPENSIONS 


E. F. Kirgaey 


ry 


In coagulation and softening of water jpy the precipitation method a flocculent suspension is formed; the 
floc particles are independent structurized systems which at a definite concentration unite into a loose spatial 
structure [1]. Experiments performed by the Veiler — Rebinder method [2] have been used to determine the 
shearing stress and relaxation time of such structures [3, 4], At the same time, technological investigations 
of the operation of water clarification equipment have involved the determination of such parameters of the 
suspension as its volume concentration in the dispersion medium, compressive strength, density, and the co~ 
hesive forces which cause aggregation of the particles and assist the removal of mechanical impurities from 
the water. The technique of such determinations has been developed by the author; it is based on an analysis, 
given below, of the results of observations of the kinetics of lowering of the boundary of the suspension allowed 
to settle simultaneously in several glass cylinders, The suspension in all the cylinders has the same initial 
concentration, but different layer heights Hy. 


Observations show that at the start of the settling the boundary of the suspension layer sinks at a constant 
rate, independent of the layer height H) . The rate then decreases, gradually becoming zero, and the 
boundary becomes stabilized at a certain height Hs. While the boundary sinks at a constant rate, the suspended » 
particles in the layer (with the exception of its lower part, consisting of a zone of settled particles) retain 
their individual outlines and are in a state of appreciable circulation in various directions, This suggests that 
collective subsidence of the particles occurs; this is confirmed by a comparison of the calculated rates of such 
subsidence for different initial suspension concentrations. — 


The start of the change in the rate of sinking of the layer boundary is accompanied by cessation of 
particle circulation, and formation of a continuous spatial network. The subsequent sinking of the layer 
boundary is the result of condensation of this network by contraction of the pores between the particles forming 
it. This is followed by stabilization of the height of the layer. Similar stages in the process were also observed 
by Zuev [5]. 


We have carried out special investigations over a wide range of initial layer heights H, ; it was found 
up to values below a certain value Hey, the ratio of Hg to the stabilized height H, remains constant. while 
after H., is exceeded this ratio begins to increase, There are no pores between the particles of the suspension 
when the layer height has become stabilized. This is shown both by visual observations and by the fact, 
established by special experiments, that the layer is impermeable to water, 


There is reason to believe that in the initial height range below H,, the stabilized layer is a structurized 
system of the same density as the particles of the suspension forming it, At heights greater than Hoy the 
pressure of the layer exceeds the compressive strength of the structure and causes the latter to condense, From 
this it is possible to determine the volume concentration of the suspension in its original form, i. e., as a 
disperse phase in a structureless medium, which is the state of the layer of the particles in the suspension at 
its initial height Ho . This concentration is evidently equal to the ratio of the stabilized height to the initial 
height of the layer, for values of the latter not exceeding H 4,1. &, Cy = H,/ Hy when H, < Ho. 


Having determined the weight concentration (c ,,) of the solid phase of the suspension in grams per 
milliliter in the original volume of the layer by the usual method, we can find the solid phase content in unit: 
volume of the suspension structure from the expression y, =Cwy/C, Hence we can find the density of the 
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suspension floc from the formula 
| yo=lt+ yn (1-1/yg) g/ml 


where yg is the density of the dry substance contained in the suspension structure, in g/ml. 


The amount of water (density of which is unity) 
relative to the volume of the drysubstance in the sus~ 
pension is yo = (yg — y)/71 andrelative to the weight of 
the dry substance, gy = 9o/Y1- 


The above data on the critical layer height Her 
and the suspension parameters may be used to calculate 
the value of its maximum normal uniaxial compressive 
stress Poy from the formula 


=c,H 1-1/ /eom?* 
Fig. 1. Variation of suspension density with i ae Per = CoHer ys ( ya) 8 


1) 50% Al(OH), + 50% Fe(OH)s, Por = 14 mg/em?, or 
a = 0,064 cm™; 2) 75% Al(OH), + 25% Fe(OH); 
Por = 10 mg/cm’; a = 0,059 em™; 3) Al(OH)s, 
Per = 7 mg/cm’, a = 0,052 cm™, Observed data on the ratios of the initial and 

; final layer heights when Hg > Her Make it possible to 
follow the variations of the suspension density, of the amount of water present in its structure, and of the com-= 
pressive deformation stress as a function of pressure. 


Per = Hero (y27 1) g/cm? 


Figure 1 shows the variations of density yx with pressure p for suspensions formed in coagulation of water 
by aluminum and iron salts. 


It was found experimentally that, for these suspensions, the relationship yy = f(p) can be represented as 


¥x = Y2+ (P7 Per) + % g/ml. 


Almost the same value of a (0,06 cm™) was obtained for different coagulants, which may be a sign that 
their structural bonds are of the same character. 


The amount of water in thesuspension structure decreases as Poy is exceeded; the above data may be used 
to.calculate the loss of water from the suspension by increase of the externally applied pressure. 


The cohesive forces between the particles may be quantitatively estimated by parallel observations of the 
condensation kinetics of suspension layers of different initial heights. For this, we determine the rates of con- 
densation of the layers from the instant at which continuous structurized systems are formed in them to the in- 
stant at which the density of the system becomes equal to the density of its constituent suspension particles, As 
has been stated earlier, when p < pj,this state is reached when the height of the layer has become stabilized, 
The average value of the required rate V can be approximately calculated by dividing the difference between 
the heights of the layer at the beginning and the end of the condensation period by the duration of the latter. 


The average rate can be found more exactly by integration of the relationship between the condensation 
rate and time, which varies in the course of the process. For this, the Veong = f(T) graph is plotted and V is 
then determined from the expression 


P= 1 T? 
V= T i Veond4T ,» 
Ty 


where 1/T = 1) — %. 


It was found experimentally that the suspension condensation rate increases with increasing initial layer 
height Hg and pressure p, the relationship V = f(p) being of the form shown in Fig. 2, This relationship, 
expressed in the form V = ap + b, shows that condensation of the structurized system is caused not only by 
gravitational forces, but also by other forces, which may be assumed to be forces of cohesion between the 

particles of the suspension. This relationship is used to find the magnitude of the cohesion forces from the 
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suspension condensation rate V, , corresponding to zero value of the pressure p, For this, the pressure increment 
Pa corresponding to the rate V, is determined. A simple transformation of the above expression for V shows 
that the required value of p, corresponds to the ordinate 2V,. 


Vcond, mm/sec 


Fig. 2. Variation of the condensation rate of the 
suspension layer with pressure: 1) 80% Al(OH) 
+20% Fe (OH)3; pg = 10.0 mg/cm”; 2) Al (OH), 
Pa =7.5mg/cm?; 3) 25% Al (OH), + 75% 
Fe(OH)s; Pa = 18.5mg/cm?; 4) Fe(OH)s; Pa = 22.2 
mg/cm?; 5) 50% Al(OH), + 50% Fe(OH); Pa = 

= 17.0 mg/cm?, 


It must be pointed out that if the observations 
are made at values of p > pj, for calculation of 
Va , the end of the condensation period cannot be 
taken to be the instant when the height of the layer 
becomes stabilized, as an additional process is super+ 
posed here, due to disturbance of, the natural state 
of the suspension structure as the result of its condensa-~ 
tion. However, the results of such experiments can 
also be used if the period of condensation of the 
suspensions for a cylinder with the minimum value 
of p, less than p,, , is taken as equal for all the 
cylinders, This gives satisfactory agreement with 
experiments in which p < p,, in all the cylinders, 


In addition to the above values, the following 
were determined; the magnitude of the cohesion 
forces per unit weight of the dry substance forming 
the suspension, p,/ yy, (which we term the adhesion 
coefficient K, ), and the critical concentration by 
weight c_.. at which a continuous structural network 


cr 
is formed. 


The experimentally determined values of the 
physical parameters are given in the table. 


Quantitative Characteristics of the Suspensions Studied 


Physical parameters 


‘Composition of 

suspension y2, g/ml | mg/cm? ma | Mw tr * 
Al (OH) 3 4.0012 pe 3:75°- |" 500 0.07 
Fe (OH)3 1.0026 222. 5.94 | 270 0.45 
Fe (OH)s 4.0064 9.6 1.04 | 409 0.46 * 
Fe (OH) 4.0064 11.6 42°33 12445 0.43 
75% Al (OH)3 + 25% Fe(OH)s 4.0020 10.0 3435892 0.13 
50% Al (OH)3 + 50% Fe (OH)s 4.0029 £70 3.98 | 233 0.17 
25% Al (OH)s + 75% Fe (OH)s 41.0048 18.5 2.65 144 0,32 
Mg (OH), 4.0026 3.5 0.78 1s, 222 0.07 
25% Mg (OH). + 75% CaCO 3 4.0300 26.0 0.53 20.4 4.47 
15% Mg (OH)2 + 85% CaCO; 1.0860 66.0 0.44 712 6.95 


* After condensation for 40 hours and dispersion of the precipitate by water. 


The data in the table show that the particles in the suspension include very large amounts of water, 
considerably exceeding the dry substance in weight; this quantity is determined by the nature of the structure 
of the suspension, The suspension densities vary over a wide range, and are not directly related to the density 
of the dry substance. The critical concentations also vary over a wide range. 
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In combined coagulation of aluminum and iron salts the density and subsidence rate of the suspension 
are higher than for a suspension of aluminum hydroxide alone, The values of the adhesion coefficient are 
greater in combined coagulation than for ferrous hydroxide, which 1s usually present in the coagulum in in- 


complete hydrolysis of iron salts, 


The quantitative values of these parameters explain the improved water 


clarification effect and the extension of the range of its optimum ionic composition in combined coagulation 
with iron and aluminum salts, as compared with coagulation by one of these reagents, Moreover, it is possible 
to determine the optimum component ratio: this was 1:1 in our experiments. 


ow We 80 10pMq 

Fig. 3. Densities of suspensions consisting of calcium 
carbonate and magnesium hydroxide in various propor- 
tions; 1) Yo =f (P yg ) from experimental data; 
2) Yem =f @ yo ) calculnie for Y Gg = 1-26 
g/ml; 3) — ¥o, =f£( Pug) from experimental 
data; 


eo OE OS ci 


PMg“ “Mg (OH), + CaCO, 


10°Y, W 


Fig. 4. Variation of the mass of floc particles with the 
magnitude of the cohesion forces. 
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Data showing the influence of "aging" and 
repeated mechanical peptization on the suspension 
parameters were obtained for ferric hydroxide, 


The particle diameters calculated from the 
values of y_ and from the experimentally determined 
subsidence rates were in agreement with the generally 
observed dimensions of such particles, 


A study of the physical parameters of the 
suspensions formed in water softening showed that 
the presence of magnesium hydroxide alters the 
character of the structure formation in calcium 
carbonate suspensions, With increasing magnesium 
content the structure formation passes from the 
condensation-crystallization to the coagulation type, 
Calculations showed that this is accompanied by a 
sharp decrease in the density of the calcium carbonate 
suspensions (Fig. 3). 


Observations by the electron and optical micro- 
scopes revealed an approximately 400-fold decrease 
in the volume of the calcium carbonate crystals and 
a change in the nature of the structural bonds, Instead 
of aggregation at the plane faces, the crystals join 
by their corners (sharp projections) and are coated 
with magnesium hydroxide. This is in entire agree- 
ment with the laws for the effects of surface-active 
substances on structure formation established by 
Rebinder and his associates [6]. 


2, » mg/cm? 
60 
40 
20 
tH] 
0 700 200 300 400 


~ 500 % 
Fig. 5. Relationship between cohesion forces and the 
amount of water immobilized by the structural net- 
work of a suspension consisting of calcium carbonate 
and magnesium hydroxide, 


Our experiments showed that a linear relationship, shown in Fig. 4, exists between the adhesion coefficient 
and the particle mass y,W (here W is the volume of a particle), 


Interesting relationships were found between the cohesion forces pa and the amount of water contained in 


the structural network, Figure 5 shows such a relationship for a suspension of caléium carbonate and magnesium 
hydroxide, 


SUMMARY 


1, A new method has been used to determine the following physical parameters of flocculent suspensions 
formed in water coagulation and softening processes: density, strength in normal uniaxial compression, amount 


of water immobilized by the structural network of the suspension, aiid quantitative values of the cohesion forces 
causing floc aggregation, 


2, A linear relationship exists between the specific cohesion force (coefficient of adhesion) and the mass 
of a floc particle, 


3. When a calcium carbonate suspension is formed in presence of magnesium hydroxide, the character 
of its structure formation changes and its density alters, With increasing magnesium content the structure 


gradually passes from the condensation-crystallization to the coagulation type, and the density of the calcium 
carbonate floc decreases, 


4, A relationship, represented by a curve close to a hyperbola, exists between the cohesion forces and 
the amount of water immobilized in the structural network of a suspension consisting of calcium carbonate and 
magnesium hydroxide. The vertex of the hyperbola represents transition to a predominant influence of one of 
the above types of structure formation, 


5. In combined coagulation with aluminum and iron salts the suspension has optimum physical eines 
with equal amounts of aluminum and iron hydroxides, 


6. The quantitative data on the physical parameters of flocculent suspensions can be used in the design 
of equipment for water purification, and the relationships between these parameters, for investigation and 
control of water coagulation and softening processes, 


I express my deep gratitude to Academician P, A, Rebinder for valuable advice and guidance in 
generalization of the experimental results, 


All- Union Scientific Research Institute Received June 23, 1956 
for Railroad Transport 
Moscow 
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THE EFFECT OF SURFACE-~ACTIVE SUBSTANCES ON THE SPECIFIC VISCOSITY OF 
GELATION SOLUTIONS 


- Se MM... Liev 


Deryagin, Levi, and Koltsov [1] put forward the view, which was experimentally confirmed, that the 
observed sharp change in the viscosity of gelatin solutions under the influence of small amounts of surface- 
active substances — the colored components — is explained by “adsorption” of the latter, leading to a change 
in the shape of the gelatin molecule (elongation). This process is represented by the following equation: 


—In2 = (1), (1) 


where c is the concentration of the gelatin solution; 7, is the viscosity of the gelatin solution before introduc- 
tion of the surface-active substance; I is a quantitative measure of the “adsorption *; f (I) is a certain 
function of T. Since in this instance (gelatin solutions) the magnitude of the adsorbing surface is not known, 
and even the concept of the gelatin particle — dispersion medium interface is somewhat conventional, we 
take T to mean the adsorption (more correctly, sorption) of surface-active substance (wetting agent) in grams 
perlg gelatin. 


In the investigation cited [1], we studied the viscosity change as a function of the ratio of the gelatin 
concentration c to the colored component cy , i. e., 


Lye ee 
5 in = #4), @) 
assuming that 

K =f(-+) =#(0), (3) 


where K is the asymmetry coefficient of the particles, equal, according to Einstein, to 2,5 for spherical 
particles, and having large values, determined by the Simha equation [2], for particles of other shapes, 


In our subsequent experiments an attempt was made to determine the value of f (T°) directly by adsorp- 
tion measurements, The magnitude of adsorption was found from measurements of the surface tension isotherms 
in aqueous and gelatin solutions of wetting agents. The adsorption was calculated graphically by means of the 
Gibbs equation and the Langmuir adsorption isotherm [3]. The following assumption was made; the difference 
between the adsorption (Iw) of the wetting agent in aqueous solution and the adsorption ([.,) in gelatin solu- 
tion is a measure of the "adsorption " of the wetting agent by gelatin, which is the cause of the viscosity 


change, and therefore 


K=f(Tw-T,)> (4) 


and it follows from Equation (4) that 
== f(P — I). (5) 
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Equation (5) was tested for the following wetting 
agents; Dismulgan and octo- and dodecanoglycerides 
of alkenylsuccinic acids, having the formulas: 


CH, — COOCH,CH (CsH,) (CH») CH, 
l : 

— COOCH,CH (C,H;) (CHs)s CHs 

SO;Na 


Wetting agent 1 


4 a ea mole/cem” —§ R—CH—COO [CH,CHOHCH,O],, CH,CHOHCH,OH 


Fig. 1. Effect of adsorption of wetting agent by bir —e00 [CH,CHOHCH,0],, CH,CHOHCH,OH 
gelatin on its specific viscosity. I) Wetting agent 2: 
1) 4% solution of 30°; 2) ditto, at 35°; 3) 6% solu- 
tion at 35°; 4) ditto, at4@; II) wetting agent 3: 

1) 4% solution at 35°; 2) 6% solution at 35°, Wetting agent 3 with 2n = 10 
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Fig. 2.. Effect of adsorption of wetting agent 1 by gelatin on its specific viscosity: 1) 4%(a) and 6% (b) gelatin 
solutions; II) gelatin 1; IIl) gelatin 2; IV) gelatin 


: fe 2c mi/ liter 
fate Effect of additions of wetting agent in different concentrations on the viscosity n (poises) and surface 
tension o (dynes/cm) of gelatin solutions; 1) wetting agent 1; II) wetting agent 2, 
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The Relationship (5) was found from the experi- 
mental data given in Figs. 1 and 2 (Curve 1). These 
figures show that the points for different gelatin con- 
centrations coincided, thus confirming the views put 
forward. Figure 3 shows the course of the viscosity and 
surface tension variations with wetting agent concen- 
tration, It follows from Fig. 3 that an initial increase 
of wetting agent concentration produces a considerable 
decrease of surface tension and a slight change of vis- 
cosity. Subsequently, this relationship is reversed, i. €., 
the surface tension remains almost constant while the 
viscosity increases considerably. The reason is that 
initially adsorption occurs mainly at the air interface, 
and only later at the solvent interface.: 


Further evidence for the change of viscosity as 
the result of adsorption is provided by the data in 
Figs. 2 and 4. Figure 4 shows isotherms for the adsorp= 
tion and the surface tension o of wetting agent 1 for 
aqueous and gelatin solutions (three different gelatins), 
samples 1, 2, and 3. These results show that the ad- 
sorption of the wetting agent by each of the gelatins - 
is different. In Fig. 2 (Curves II, III, and IV), the Re- 
lationship (5) is shown for these gelatins; this indicates 
that the different adsorption by each of the gelatin samples leads to a corresponding change of molecular con- 
figuration. 


Fig. 4. Surface tension (I) and adsorption (II) iso- 
therms: for wetting agent 1 with different gelatin 
samples (1, 2, 3, and 4). 


The above data provide direct experimental proof, based on adsorption measurements, of the validity of 
the views advanced earlier concerning the adsorption mechanism of the influence of surface-active substances 
on the viscosity of gelatin solutions. 


SUMMARY 


1, The view is confirmed that the increased viscosity of gelatin solutions on addition of surface-active 
substances is the result of adsorption of the latter, leading to changes in the shape of the gelatin molecules, 


2. A relationship between the change in the specific viscosity of gelatin solutions and the adsorption of 
surface-active substances is derived and experimentally verified. 


Scientific Research Institute for Cinephotography, ~ Received December 29, 1955 
Moscow 
LITERATURE CITED 
[1] B. V. Deryagin, S. M. Levi, and V. S. Koltsov, Proc. Acad. Sci. USSR 79, 283 (1951). 
[2] R. Simha, J. Phys. Chem, 44, 25 (1940), 
[3] I. I. Zhukov, Colloid Chemistry, Leningrad State Univ. Press (1952), - 


87 


<_npetnte by 


oe) be ins 


EFFECT OF HYDROPHILIC PLASTICIZER ADDITIONS ON THE PROPERTIES OF 


CONCENTRATED CEMENT SUSPENSIONS 


O. I. Lukf¥yanova, /E. E. Segalova, and P. A. Rebinder 


The disperse structure of the hardened cement in concrete largely determines the mechanical properties 
and durability of concrete constructions. The formation of this structure in all its stages of origin and develop- 
ment involves colloidochemical processes, The course of hydration reactions of the cement clinker minerals 
in multiphase systems depends on the extent and qualitative composition of the cement particle surface and 
also on changes in the specific surface of the cement in the course of hydration. 


New phases of the cement hydration products pass through the colloidal state as crystallization nuclei 
of the most rapidly crystallizing components, such as hydroaluminates and calcium hydroxide, or as slowly 
crystallizing calcium hydrosilicates, existing for a long time in a submicrocrystalline state, 


The formation of a disperse structure as such in the hydration products, including various proportions of 
still nonhydrated cement grains, is due to bond formation between individual elements of the structure. These 
bonds may be of the nature of weak coagulation bonds or of crystal coalescence, according to the formation 
conditions and age of the structure. 


It is important for pratical purposes to obtain hardened cement with a compact, monolithic structure, 
with a low susceptibility to the corrosive effects of the surroundings and a high mechanical strength. This 
goal is approached by decreasing the total porosity, especially the open (filtering) porosity, caused by evapora- 
tion of free water. Effective condensation of the structure is achieved by the combined use of various mechanic-~ 
al and physicochemical methods. Among the substances added to cement pastes and concrete mixes for in'- 
creasing their density, a special position is held by organicsurface~active substances which render the cement 
particle surfaces hydrophilic. Lignosulfonates in sulfite alcohol wastes (SSB) are most often used for this purpose. 


The effects of hydrophilizing plasticizers on cements, caused by the properties of their adsorbed layers, 
are extremely varied, and are not confined to condensation of the hardened cement structure. It was discovered 
as early as 1937 [1] that additives of this type have a stabilizing effect on cement suspensions, retard cement 
hydration, and modify the crystallization rate of the hydration products. 


The stabilizing and peptizing effects of SSB on cement suspensions have been discovered in numerous 
experimental investigations by Soviet [2-6] and foreign [7-9] scientists, The effects of SSB additions on the 
rate of chemical reaction between cement and water [2, 10], and on modification of the crystallization of 
cement hydration products and of the individual minerals of cement clinker [11-13] have also been studied. 
The influence of this plasticizer on the physical structure and mechanical properties of hardened cement has 


been investigated in detail [2-8]. 


In the present investigation we have studied some aspects of the influence of SSB lignosulfonates on 
structure formation in concentrated aqueous suspensions (pastes) of ground Portland cement clinkers during the 
initial stages of their interaction with water. The materials studied were factory Portland cement clinkers 
with different tricalcium aluminate contents, as it is known that the principal reactions in the initial period 
of interaction between Portland cement and water are hydration of the aluminate of the clinker and their 
interaction with the other cement components [2, 14]. The mineralogical composition of the clinker, 
calculated from chemical analysis data, is given in the table. 
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TABLE 


Composition of the Portland Cement Clinkers Studied The SSB plasticizer used in our experiments 
d consisted mainly of calcium lignosulfonates, and 
had a total solids content of 52.32%, including 3.62% 
calcium and 4,61% reducing substances, inclusive of 
re eS Mineralogical compo- 2.80% sugars. The small sugar content does not 
sition, % affect the properties of SSB as a cement plasticizer. 


The action of calcium lignosulfonates on 


Sap aty g S So ¢ cement paste, suspensions, or concrete mixes depends 
é 5 5 6d largely on their adsorbability on the cement particles.’ 
8 9 8 om It was therefore necessary to study the behavior of SSB 
, lignosulfonates in cement suspensions during the 
Komsomolets (K) 5 58 48 16 initial period of interaction between the cement and 
Par a (N) 8 | 96 |) 22 13 water, The colorimetric method was used for determin- 
dilaes Mare (C) a a a re ing lignosulfonate concentration in aqueous solutions 


after definite times of contact with the cement. The 
colorimetric method of lignosulfonate determination 
is free from error caused by different adsorbability 

of the lignosulfonates occurring is SSB plasticizers, 
The same method has been used by Shestoperov and 
others [2, 9]. 


In the pH range from 3 to 9 the color intensity 
of lignosulfonate solutions greatly depends on the 
acidity of the medium. This is important in relation 
to cement suspensions, in which large pH variations 
in the direction of increased alkalinity are possible. 
Our determinations showed that the optical density 
(D) of lignosulfonates, measured by the photoelectric 
colorimeter, greatly diminished with increasing 
acidity (Fig. 1), reaching a limiting value which 
does not change on further decrease of pH. Solutions 


"9 02 04 06 06 CH of maximum acidity were therefore used for determina- 
tions of the concentration of lignosulfonate solutions, 
Fig. 1, Optical density of SSB lignosulfonate Despite the decreased sensitivity, the accuracy of the 
solutions; 1) pH 6.0; 2) pH < 3.0. determinations is increased by acidification because 


the aqueous extracts of the cement suspensions do not 
become turbid in air, 


Our experiments showed that adsorption of SSB lignosulfonates in cement suspensions is irreversible over 
a wide range of additions of SSB to the cement, including adsorbed layers containing 40-50 mg of lignosulfonates 
per 1 g cement, formed when the system contains more than 5% SSB on the weight of the cement. The adsorp- 
tion becomes partially reversible at higher lignosulfonate contents in the cement suspensions, When such 
suspensions are mixed with water, some of the adsorbed substance can pass back into solution, 


The irreversibility of the adsorption can be attributed to formation of surface com pounds between the 
lignosulfonates and the clinker minerals, or peculiar denaturation of the former in the surface layers, This 


latter hypothesis is quite probable, as graphite, which is chemically inert to lignosulfonates, also adsorbs them 
irreversibly [15]. 


The formation of adsorbed layers of SSB lignosulfonates is a rapid process, completed within a few minutes, 
However, the amount of bound lignosulfonates may continue to increase, although at a much lower rate, owing 
to changes occurring in the system as the result of interaction between the cement and water, The initial 
adsorption, determined after 5 minutes of contact between the cement and water, or found by extrapolation of 
the kinetic curves for the binding of the lignosulfonates, comprises the main part of the adsorbed substance, and 
is a charaeteristic value, The initial adsorption(aj) is linearly related to the SSBcontentof the system (Fig. 2). The 
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linear relationship is also valid for very large additions of SSB, beyond the limits of those used in practice, 
8-10% on the cement content, If systems are compared at equal lignosulfate concentrations in the solutions, 
the results are not independent of the amount of adsorbent (Curves 1,2 and 3,4, Fig, 2). If, however, the 
basis of comparison is the SSB content of the system relatiye to the cement content, the values for the adsorp- 
tion are similar (practically identical) even for systems with an 8~fold difference of the water — cement (w/c) 
ratio (Curves’5,6, Fig. 2), Therefore, in studying the effects of adsorbed lignosulfonate layers on structure 


formation in cement suspensions, the SSB concentration in the system should be expressed as a percentage of 
the cement content. 


The peculiar character of lignosulfonate 
adsorption in cement suspensions is probably related 
to the gel-likenatureofthe adsorbed layers, The 
gel-like nature and the stabilizing action of adsorbed 
lignosulfonate layers in cement suspensions are 
confirmed, for example, by measurements of the 
volume of deposits formed in suspensions containing 
added SSB. The relative volume of the deposit (V) 
in a stabilized suspension greatly decreases with 
increasing amounts of lignosulfonates adsorbed by 
the cement particles, as Fig, 3 shows, This 
corresponds to increased stabilization of the suspen- 
sion, i, e., increasingly complete prevention of 
coagulative structure formation, Complete stabili- 
zation of cements ground to medium fineness (with 
specific surface of 0,2-0.4 m?/g is reached with 
additions of 0.5 to 1.0% SSB, on the weight of cement, 
The initial adsorption (ay) is 3-5 mg per 1 g cement, 
The further increase of the volume of the deposit 
with increasing SSB content in the system is explained 
by the formation ofthick gel-like lignosulfonate 
layers on the cement particles, 


J CAGSB) 


Fig. 2, Initial adsorption of SSB lignosulfonates in 
cement suspensions: 1, 3, 6 w/c ratio 4,0; 2, 4, 5) 
w/c ratio 0.5): 1,2) percentage concentation of SSB 
in solution after adsorption; 3,4) ditto, before adsorp- 
tion; 5,6) SSB addition as percentage of the cement. 


The stabilizing action of SSB on cement suspensions could not be applied in practice for increasing the 
density of hardened cement if the lignosulfonates did not, in addition, retard processes of cement hydration 
and crystallization of the newly formed materials. In presence of SSB, a cement suspension remains in its 
initial stabilized state for a considerable time, which depends on the amount added, The period during which 
the cement suspension remains in the retarded state may be termed the induction period of structure formation 
or of hydration. q min 


0 325 65 975 aqmg/g 
10 15 CA(SSB) 


Fig. 3, Relative volume of deposits in cement 
suspensions stabilized by additions of SSB: V=v/ Vo X Fig. 4, Duration of the structure formation and 
X 100 where vand ware the volume of the deposit and _ihydration induction period (w/c = 0,5): 1) clinker 
the total volume of the suspension, Clinker G; $=0.35 G;S=0.5 nt /g; 2) clinker C; S = 0,35 m2/g; 
m*/g; w/c= 4.0. 3) clinker K; S = 0,5 m?/g, 
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The variations in the mechanical properties of cement pastes during the induction period are very slight. 
The end of the induction period is easily established by the rapid acceleration of structure formation in cement 
paste, accompanied by an increase of its plastic strength. 


The variation of the induction period (r 9) with the amount of SSB added, for clinkers with different 
degrees of dispersion and tricalcium aluminate contents is shown in Fig. 4, A comparison of Curves 1 and 3 
shows that the clinker with the higher tricalcium aluminate content has the shorter induction period for the 
same nominal specific surface and with equal amounts of SSB, Curves 1 and 2 represent clinkers with similar 
tricalcium aluminate contents but differing in specific surface. Comparison of Curves 1 and 2 shows that the 
clinker with the smaller specific surface has the longer induction period, The duration of the induction period 
also depends on the concentration of the cement suspension, decreasing with increase of the latter, For 
example, for the high-aluminate clinker "G", with S = 0,5 m?/ g (retarded by addition of 0,5% SSB), the induc- 
tion period is increased approximately five-fold ds the water — cement ratio increases from 0,4 to 4.0, 


During the induction period, concealed processes occur in cement paste stabilized and retarded by ad- 
ditionsofSSB, which have almost no effect on the mechanical properties during this stage, but which sub- 
sequently lead to the start of structure formation, the setting of the cement paste. Colorimetric measurements 
showed that the lignosulfonate content of the aqueous phase of the cement suspension does not remain constant, 
but gradually decreases with time, The sorption of lignosulfonates from solution by the cement occurs ata 
considerably lower rate than the initial adsorption, Fig. 5 shows the kinetics of sorption of lignosulfonates from 
aqueous solution by cement, for a cement paste made from clinkers with high and low aluminate contents. 

It is seen that SSB lignosulfonates are completely taken up from solution by cement paste in the course of time, 
and that this process is completed earlier in the high-aluminate cement, 


This effect is explained [16, 17] by adsorption 
of lignosulfonates on the clinker hydration products, 
the formation of which is greatly retarded in presence 
of lignosulfonates, Tricalcium aluminate, as the 
softest and most hydrophilic mineral in cement 
clinker, undergoes especially strong dispersing action 
of the adsorbed layers, and is at the same time the 
mos t rapidly hydrated mineral in the clinker, 


The end of SSB sorption from the aqueous 
phase of the cement paste coincides with the end of 
the induction period, and with sharp acceleration of 
hydration and structure formation in the system. 
This is seen in Fig. 6, which shows the results of 
parallel determinations of the kinetics of ligno- 
oe 40 60 720 T, min. sulfonate adsorption and of structure formation in 
cement pastes, The end of the induction period and 
complete sorption of the lignosulfonates from the 


ig. 5. Kinetics of SSB lignosulf ti 
Fig eies OF SSB Ueresut cine ys Es a | solution may be somewhat delayed by prolonged 
cement pastes (w/c = 0.5);«— clinker C; S = 0,35 stitting of she canienr nastemontnennie trae 
m?/g; x — clinker K; S = 0.5 m”/g; 1) 0.5% SSB; S i) ak bie id rg ete 
consequence of a more uniform distribution of SSB 
2) 1.0% SSB; 3) 1.5% SSB; 4) 2.0% SSB. ; : 
in the system, The free lignosulfonates in the solu- 


. tion adsorptively retard the development of new 
phase nuclei and thus delay the formation of a crystallization structure, 


‘The induction period is followed by a sharp rise of the plastic strength of the cement paste, due to the 
formation of a crystallization structure in the hydroaluminate [14], The structural strength in systems with 
moderate additions is found to be higher than in systems without additions, This effect is especially pronounced 
in high-aluminate clinkers, Figure 7 shows the kinetics of structure formation in cement pastes made from 
high-aluminate clinkers (without gypsum) with additions of SSB. Clinker N (Fig. 7, b), with additions of 
0.1-0,5% SSB, and clinker G (Fig. 7, a), even with 1 and 2% SSB, show considerably greater increases in the 
strength of the hydroaluminate structure after the end of the induction period than systems without additions, 
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Fig. 6. ‘Kinetics of structure formation and ligno- 
sulfonate adsorption in cement pastes (I) 1.5% SSB; 
TI) 2.0% SSB); 1) lignosulfonate adsorption; 2) 
plastic strength of the cement paste (P_). 


Fig, 7. Kinetics of structure formation in cement 
pastes made from high-aluminate clinkers (a) clinker 
G; S = 0.5 m?/g; w/c = 0,25; b) clinker N; S = 0,2 
m?/g; w/c = 0.4): 1) without SSB; 2) 0.25% SSB; 3) 
0.5% SSB; 4) 1.0% SSB;5) 2,0% SSB. 


15 ¢ ZSSB) 


Fig. 8. Contents of chemically bound water 
(clinker C; S = 0,35 m?/g; w/c = 0.26): 1) 
30 minutes after mixing; 2) 1 hour; 3) 

3 hours; 4) 7 hours. 


The increase of the strength of the 
structure may be caused by adsorptive dispersion 
of tricalcium aluminate in the clinker, resulting 
in an increase of its effective surface and 
increasing its rate of hydration (solution and 
therefore crystallization of the hydrate) in 
presence of SSB additions; this, in turn, results 
in a more rapid increase of the plastic strength, 
However, at very high SSB contents struc- 
ture formation is retarded and the plastic 
strength of the cement paste is decreased, 
as can be seen, for example, in Fig. 7,b. 
This is probably caused by adsorptional 
blocking of the contacts in the crystalli- 
zation structure of the hydroaluminate. 


Acceleration of the hydration of high-. 
aluminate cements in presence of small amounts 
of SSB may be observed by means of direct 
determinations of the kinetics of the chemical 
binding of water by cement pastes, Figure 8 
shows the contents of chemically bound water 
(W) in cement paste made from high-aluminate 
clinker C with additions of 0 to 2% SSB, 30 
minutes, 1,3, and 7 hours after mixing of the 
cement paste, For these determinations the 
cement paste was treated with alcohol and 
ether; the resultant powder was dried in a 
vacuum dessicator and then heated at 1000° to 
constant weight, A correction for the ligno- 
sulfonates, burnt at this temperature, was 
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introduced into the calcination loss values, 


It is seen from Fig. 8 that additions of SSB favor an acceleration of chemical action between water and 
cement clinker, or largely the ticalcium aluminate init. This acceleration occurs. after the end of the 
induction period, during which very little water is combined. Therefore,in presence of small amount of SSB, 
acceleration of the hydration is already noticeable 30 minutes after mixing (Curve 1, Fig. 8), while with | 
1-2% SSB the amount of bound water becomes greater than in the system without added SSB only after several 
hours (Curves 3,4, Fig. 8). ; 


SUMMARY 


1, The adsorption of SSB lignosulfonates by cement suspensions has been studied by means of an improved 
technique for the colorimetric determination of lignosulfonates in solution. 


2, It is shown that the initial adsorption of lignosulfonates increases linearly with increasing SSB content 
in the cement suspensions, up to 8-10% SSB on the cement, The adsorption is independent of the cement 
content of the suspension if the SSB concentration is expressed as a . percentage of the cement weight; this is 
a consequence of the irreversible character of the adsorption. 


3. The stabilizing effect of SSB lignosulfonates on cement suspensions increases with increasing adsorp- 
tion and reaches a maximum when the adsorption reaches 3-5 mg/g for cements of moderate fineness 
(0.2-0.4 m?/g), 


4, The effect of the amount of SSB added on the duration of the induction period of structure formation 
and hydration has been studied in clinkers of different mineralogical compositions and degreesof dispersion, 
With equal amounts of SSB the length of the induction period decreases with increasing fineness and tricalcium 
aluminate content in the clinker, and also with decreasing water content in the suspension. Increase of the 
amount of SSB added to the suspension lengthens the induction period. 


5. The content of SSB lignosulfonates in the liquid phase of the suspension was found to decrease during 
the induction period; this is caused by binding of the lignosulfonates in the formation of new surfaces during 
adsorptive dispersion of tricalcium aluminate and in the initial stage of crystallization of the hydroaluminate, 


6. It is shown that the strength of the crystallization structure of the hydroaluminate increases and 
passes through a maximum with increasing amounts of added SSB in the cement suspensions, The amount of 
chemically bound water increases continuously in the process, This is probably explained by adsorptive 
dispersion of the tricalcium aluminate, eventually leading to accelerated hydration and structure formation 
in the suspension. The decreased strength of the structure at very high SSB contents is due to adsorptive 
blocking of the contact points in the crystallization structure of the hydroaluminate, 
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PREPARATION OF FERRIG-AND ZIRCONIUM HYDROXIDE ORGANOSOLS 


V. N. Maslov 


The transfer of colloid particles from one dispersion medium to another was observed long ago [1], and 
has been termed "the Wikkelblech phenomenon” and "pseudoextraction"[ 2], The partial coagulation at the 
interface and within the liquid phases which occurs in the process is now explained [3] by lyophobization of 
the colloid particle surfaces with respect to both dispersion media. 


The preparation of organosols from the corresponding hydrosols by transfer from one medium to another 
is very rarely used. A definite combination of dehydrating and lyophilizing factors is required for the formation 
of organosols by this method. For example, by the use of a third liquid which is distributed between the first 
two, as an auxiliary dehydrator, it proved possible to transfer selectively certain soil colloids from an aqueous 
into an organic phase [4]. This method has been studied in detail in relation to gold hydrosols and various 
organic systems [5]. It has also been shown that dissolved electrolytes influence the distribution of colloidal 
gold between liquid phases [6], American patents [7] describe the production of organosols by multistage 
operations, with consecutive introduction of intermediate dispersion media, and including the removal of water 
by distillation. By replacing water in W, Mo, and Zr coagulates by acetone, and the latter by various hydro- 
carbon media, it proved possible to obtain organosols of these metals in presence of surface-active stabilizers 
and rubber [8]. 


Definite interest attaches to determination of the conditions in which colloidal hydroxides of heavy 
metals, having great affinity for water, may be transferred into an organic liquid in a single step, without 
preliminary dehydration of the system. 


Colloidal solutions of ferric and zirconium hydroxides, prepared hydrolytically from FeCI, and Zr(SQ,), 
[9], were used in our work. The iron contents of the aqueous and organic phases were determined by 
means of radioactive tracers, Benzene and toluene were used as the nonpolar liquids, The following methods 
were used for intermediate dehydration; 1) separation of the particles at the aqueous solution — air interface; 
2) preliminary saturation of the air with vapor of the corresponding organic liquid; and 3) addition of a third 
liquid (acetone), distributed between the phases, The organosols were stabilized by additions of rubber and 
oxidized kerosene to benzene or toluene, 


The simple apparatus shown in the diagram was used for preparation of the organosols. Each experiment 
lasted 30 minutes. The volumes of the aqueous phase and organic liquid were 115 ml and 25 ml respectively. 
Bubbles of air, 3-5 mm in diameter, were bubbled consecutively through the two liquid phases, Only the 
colloid particles which had been at the aqueous solution — air interface and were thus prepared for transfer into 
the other phase generally came into contact with the organic liquid. To prevent the ascent of bubbles near 
the walls, a directing ring was used; its performance was improved considerably by hydrophobizing treatment 
of its surface in diethyldichlorosilane or phenyltrichlorosilane vapor for 20 minutes [10] 


It was found that when air, both with and without organic vapors in it, is bubbled through, no transfer 
of colloidal ferric and zirconium hydroxide into pure benzene or toluene occurs at all, and the film at the 
interphase boundary remains very thin and transparent, Additions of up to 4% (on the weight of the organic 
phase) of oxidized kerosene result in the transfer of accidentally present fine particles (dust, etc.) into the 
organic phase, and at the end of the bubbling a silvery opalescent film is seen at the interphase boundary. 
However, no transfer of the colloidal hydroxide occurs in this case either, or on addition of 0.005% rubber. The 
result is not changed by the presence of up to 4% acetone in the toluene, if rubber or oxidized kerosene are 


absent, 
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Simultaneous addition of 1% oxidized kerosene, 
0.005% rubber, and 4% acetone, and the bubbling of 
air saturated with benzene or toluene vapor, results 
in appreciable transfer of the hydroxides into the ' 
organic phase, Ferric and zirconium hydroxide 
organosols are quite transparent, but the former has 

a brownish color, A material balance shows that 
from 25 to 60% of the colloid taken remains in the 
films at the separation boundary. It is very helpful 
to dissolve part of the acetone in water first. In this 
case up to 40% of the ferric hydroxide was extracted 
into the toluene, from an initial hydrosol with a 
concentration of 0,02 g Fe/liter. The ratio of the 
concentrations of the organosols to the concentrations 
of the residual hydrosols reached 4-5, The resultant 
ferric and zirconium hydroxide organosols in benzene 
and toluene are quite stable to light, heating, and 

| Aix + keeping, and may be concentrated by evaporation. 
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Apparatus for preparation of organosols 
by means of interphase air bubbling: 
1) organic liquid; 2)original hydrosol; 
3) directing ring. 


SUMMARY 


To facilitate the direct transfer of colloid particles from an aqueous into an organic phase, in addi- 


tion to the usual methods, interphase bubbling of air saturated with vapor of the corresponding organic liquid 


was used, 
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The resultant organosols of ferric and zirconium hydroxides in benzene and toluene are stable on 


keeping and may be concentrated by evaporation, 
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EXPERIMENTAL INVESTIGATIONS OF LAMINAR SYSTEMS 
/ 23, KINETICS OF ‘THE FORMATION OF HYDROXIDE FILMS ON THE SURFAGE OF 
CUPRIC AMMENE SOLUTIONS 


S. G. Mokrushin and G. A. Kitaev 


The spontaneous formation of hydroxide films on the surfaces of solutions of complex ammines of copper 
and nickel has been studied by one of the authors [1, 2]. The nature of the effect is that when such a solution 
is left to stand, hydrolysis of the complex salt accompanied by formation of colloidally dispersed hydroxide 
commences in its surface layers. The hydroxide particles become fixed in the solution surface, forming a very 
thin invisible film. The thickness of the film increases with time, it acquires interference colors and becomes 
visible, 

The aim of the present investigation was, to study the kinetic relationships in the formation and thickness 
increase of copper hydroxide films on the surface of cupric ammine solutions, 


The copper hydroxide films were prepared by the improved technique described by Mokrushin [1], in 
which air is blown over the surface of a solution contained in a watch glass, In the present investigation a 
glass thermostat was used instead of the watch glass, while the air blown over the solution surface was heated 
and saturated with water vapor, so that the temperature of the solution was kept constant both throughout its 
volume and at the surface, and evaporation was prevented, The glass thermostat was heated by water by means 
of a Hoeppler circulation thermostat. The cup of the glass thermostat was cleaned by chromic acid mixture 
and then washed thoroughly with tap and distilled water. To prevent flow of surface-active substances onto the 
solution surface, a paraffin wax ring was made around the outer wall of the thermostat cup, The ammine 
solutions were made from copper. sulfate solution and poured into the thermostat cup from a buret. 


Experiments showed that a copper hydroxide film is not formed on a clean surface of ammine solution, 
If a monolayer of a nonvolatile surface-active substance is applied to the solution surface, a uniform lustrous 
hydroxide film is formed, exhibiting interference colors. It was found that a hydroxide film of more uniform 
thickness is formed on application of a substance which forms a liquid monolayer, such as oleic acid, to the 
surface of the solution, Substances which form solid films, such as palmitic acid, cetyl alcohol, and cellulose, 
also assist the formation of hydroxide films, but less uniform in thickness, 


In the present communication the results of a study of the kinetics of copper hydroxide film formation on 
the surface of ammine solutions under a monolayer of oleic acid are discussed, Oleic acid was applied to the 
solution surface in a quantity sufficient to give a monomolecular layer, Ammoniacal solutions of copper sulfate 
of the following concentrations were studied: 0,025; 0.05; 0.10 and 0,15 mole/ liter, at 10; 20; 30; 40; 50° with 
air blown at 0.5 and 1.0 liter/ minute. 


Figure 1 shows the growth of the thickness of hydroxide films on cupric ammine solutions. The thickness 
of the hydroxide films was determined by comparison of the interference colors of the films with the colors of 
Newton's rings in an air layer. The refractive index of the films was taken to be n = 1,66 [1]. 


Curve 1 (Fig. 1) represents the growth of a hydroxide film on a solution containing a slight excess of 
ammonia, while Curves 2 and 8 refer to solutions with ammonia in considerable excess, Comparison of the 
slopes of Curves 1 and 2 shows that excess ammonia in the solution has practically no effect on the rate of 
growth of the film thickness, but only affects the time interval before film formation begins. Variation of the 
rate of air blowing in the range 0,5-1.0 liter/ minute has a similar effect, The character of Curves 2 and 3 
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is explained as follows. During the first 20-25 minutes the air blown over the solution surface removes excess 
ammonia, When the ammonia content of the solution has decreased enough for hydrolysis of cupric ammine to 
be possible, formation of the hydroxide film begins, At first isolated islets of the film are formed and the solu- 
tion surface remains mobile. Gradually the islets become more numerous and finally they fill the whole 
surface of the solution, coalescing into a continuous immobile colorless film. The thickness of the film then 
begins to increase. It is easily seen that from 600 A the growth of film thickness is described by a nee 
equation, The rate of film growth is given by the tangent of the angle this line forms with the time axis, 


4(A) 


Wy (A/min) 


200 


100 


) Q05 0 =e, mole/liter 
Fig. 1. Growth of the thickness of hydroxide films on Fig. 2, Variation of the rate of growth of film 
cupric ammine solutions with concentration of 0,10 thickness with concentration of cupric ammine 
mole/ liter (1 and 2) at 30° and 0.024 mole/ liter (3) solution at 20, 30, 40, and 50°. 


at 20°; air flow rate 0.5 liter/ minute. 


Figure 2 shows the variation of the rate of growth of the film thickness (W) with concentration of the 
cupric ammine solution (c), The linear character of the initial portions of the curves indicates that the growth 
of films from solutions up to 0.1 mole/ liter in concentration is determined by a process the kinetics of which 
can be represented by the equation for a monomolecular reaction, 


The formation and growth of the film may be divided into several stages, In the first stage the rate of 
growth is determined by the rate of the reaction of ammine hydrolysis, i. e., by the formation rate of copper 
hydroxide, the material from which the film is formed, The hydrolysis reaction, for example of the complex ion 
[Cu(NHg)9]” * | may be represented by the equation: 


+ 
[Cu(NHg)y]” "+ 2H,O = Cu (OH), +2NH, + 2H* + 


Since the hydrolysis is accompanied by liberation of ammonia, the hydrolysis rate is determined by the 
rate at which ammonia is removed from the reaction zone, 


In the second stage, the hydroxide particles become fixed on the solution surface. We regard this as a 
surface coagulation process, the kinetics of which may be represented by an equation for a reaction of the 
second order. It is probable that for solutions with a concentration of 1 mole/ liter the surface coagulation 
process does not determine the rate of the aggregate process of hydroxide film growth, Conversely, in solu- 
tions of higher concentrations the rate of film growth is determined by the coagulation rate of the primary 
colloidally dispersed particles of copper hydroxide, 


In order to find the rate-determining step, both the kinetics of ammonia evaporation and the kinetics 
of the hydrolysis reaction were studied, The kinetics of both processes can be described by an equation for a 
reaction of the first order, of the form 
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where k is the reaction rate constant ; a is the initial amount of ammonia or ammine complex; x 1s 
the amount of ammonia evaporated or ammine reacted in timer. J 


Fig. 3, Thermostat for studying the kinetics of 


ammonia evaporation and of the hydrolysis reaction 


(explanation in text), 


Fig. 4, Rate of ammonia evaporation (1,2) and 
growth of film thickness (3,4) for cupric ammine 
solutions with concentations of 0,15 mole/ liter 
(1) and 0,05 mole/ liter (2,4) at 40°, 
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The glass thermostat shown in Fig. 3 
was used for studying the kinetics of these 
processes, 10 ml of cupric ammine solution 
with an accurately known ammonia content 
was put into the lower part 1 of the thermostat, 
Heated air saturated with water vapor was fed 
through the central tube 2 of the upper part 
of the thermostat, and then passed into wash 
bottles containing sulfuric acid. Ammonia 
was absorbed in the first wash bottle, contain- 
ing 50 ml of 0.2 NH,SO,; “the second contained 
50 ml water, to which was added two drops 
of 0.2 N H2SO, and two or three drops of 
bromocresol purple or phenolphthalein. The 
amount of ammonia absorbed was determined 
by back titration of excess acid by caustic 
soda solution, The second wash bottle served 
to check the complete absorption of ammonia 
in the first. The growth of the film was observed 
(by the alternation of its interference colors) 


~ through the thermostat wall. 


The kinetics of ammine hydrolysis was 
studied in the same thermostat by a potentio- 
metric method with the use of a cathode volt 
meter, whereby it was possible to observe 
continuously variations in the concentration 
(activity) of the copper ions in solution, A 
saturated calomel electrode was used as the 
reference electrode, A copper-plated platinum 
electrode and an electrolytic switch were 
introduced through the two side tubes 3 of the 
glass thermostat (Fig. 3) and securely sealed. 
In this way it was possible to observe the film 
growth, variation, of cu ion activity, and 
removal of ammonia from the solution 
simultaneously, 


Figure 4 shows the experimental data for 
the kinetics of ammonia evaporation and 
growth of the film thickness at 40° . 


The ammonia contents in 10 ml of 
cupric ammine solutions corresponding to the 
inflection points Band B" were found to be 


120 and 30 mg, and corresponding to the points C and C', 53 and 18 mg. These amounts of ammonia correspond 
tothe calculated amounts necessary for the formation of complex ions: 102 and 34 mg for [Cu(NH,),} and 


51 and 17 mg for [Cu(NHg) * (H2O),] 7. 


The agreement between the calculated and experimental data leads to the following explanation of the 
process of formation and growth of copper hydroxide films. First, ammonia in excess of the amount stoichia- 
metrically required for formation of the [Cu(NHg)4] (OH), complex and binding of the sulfate ions of the 
copper is removed. A comparison of the slopes of the regions AB and A'B' of Curves 1 and 2 shows that the 
rate of ammonia removal does not depend on the amount of it added to the solution. At the instants correspond- 
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ing to points B and B', hydrolysis of the copper tetrammine complex begins according to the equation 


[Cu(NHg)4](OH), + 2H,O = [Cu(NHg)p (HzQ)2] (OH)2 + 2NHg. 


The rate of ammonia evaporation decreases, and is determined at this stage by the hydrolysis rate of the 
ammine. Thus, the regions BC and B'C’ represent evaporation of the ammonia formed by hydrolysis of the 
copper tetrammine complex. It should be noted that no film is formed at this stage. 


At the points C and C’ the ammonia contents of the solution are 53 and 18 mg (the theoretical amounts 
are 51 and 17 mg). Hydrolysis of the diammine-diaquo complexcommences at this point, with formation of 
copper hydroxide according to the equation: 


[Cu(NHg)p(H2O),] (OH), = Cu (OH), + 2NHg +2H,0, 
Fig. 4 shows that rapid growth of the hydroxide film commences at the same time, This confirms that 


the regions CD and C'D' represent evaporation of the ammonia formed by hydrolysis of the diammine-diaquo 
complex. 


pH 4/4) 


0 


a7 50 7 0 tf, min 


Fig. 5, Rate of ammonia evaporation (1), variation o Uaeh 50 5 100 725 Min 

of the activity of copper ions with time (2), and growth 

of film thickness (3) for cupric ammine solutions at a Fig. 6, Dependence of the growth of film 

concentration of 0.15 mole/ liter, 40° and air blowing thickness on the variation of pH with time 

rate of 0,5 liter/minute. for cupric ammine solution of c = 0,15 
mole/ liter, 


Investigation of the kinetics of the hydrolysis of the cupric ammine complex by the potentiometric 
method, with simultaneous absorption of the liberated ammonia and observations of the growth rate of the 
hydroxide film, confirmed the mechanism of the process posttlated above, As an example, Fig. 5 gives 
data for cupric ammine solution, The inflection point on Curve 1 corresponds to 52 mg ammonia in the 
solution, which corresponds to the amount necessary for formation of the diammine-diaquo complex, The 
inflectiononthe curve for the variation of cupric ion activity with time (2) coincides in time with the inflection 
on the ammonia evaporation curve (1), Formation and thickness increase of the film begins at the same time, 
which indicates the start of hydrolysis of [Cu(NHg)2(H,O)9] 2" and formation of copper hydroxide, 


The cupric ion activity at the start of film formation (inflection point on Curve 2, Fig. 5) is agyet = 10°** 


Assuming that his is equal to the concentration, and using the value of the decomposition constant of the diammine 
complex 
x — [Gut4]-INHs? 


= 1,05-10-8, 
[Cu (NH3)2"] 


102 


When the ammonia concentration in the paptaen has been determined, it is possible to calculate the 
solution pH at which hydrolysis of the [Cu(NHg)p]"" ion occurs, The ionization constant of NH,OH is 


“4, - 
10™*75 [4], and the ionic product for water at 40° is 107342, . Hence the pH is 9.78, 


TABLE 


log/a-z) Calculated Values of m,. and my, in mg/min for 
Cupric Ammine Solution at 40° and Air Blowing | 
Rate of 0.5 liter/ min 


475) 
Solution conce: 
2 tration in mole/_ m2-10-* | m,-10-8 

15 liter 

0,025 34 34 
12. 0.05 68 64,5 
é 4 0.10 136 97 

0.415 204. 90 
1% 50 7oo min 


Fig. 7, Rate of evaporation of ammonia from 
solutions with a clean surface (1) and with surface 
covered with a monolayer of oleic acid (2), 


The results of our simultaneous observations 
of variations of solution pH and film thickness, 
given in Fig. 6, confirm this approximate calcula- 
tion. Film growth does in fact occur at pH 9.0. In 
our opinion, therefore, it may be concluded from the foregoing that rapid film growth coincides with the start 
of hydrolysis of the diammine-diaquo complex, accompanied by formation of copper hydroxide. 


To decide whether ammonia evaporation or hydrolysis of the cupric ammine complex is the rate- 
determining step, a study was made of the evaporation of ammonia from a solution with a clean surface, 1. e., 
in conditions in which a hydroxide film is not formed, The results of one such experiment are shown in 
Fig. 7. Hydroxide film begins to form at the point of inflection on Curve 2. The course of Curves 1 and 2 
shows that evaporation of ammonia through the hydroxide film is the determining step in the growth of the 
copper hydroxide film. 


The foregoing experimental results indicate that film formation coincides with the start of hydrolysis 
of the diammine-diaquo complex, and the rate of growth of the hydroxide film is determined by the rate of 
ammonia evaporation through this film, 


Satisfactory agreement may be demonstrated between data for the evaporation of ammonia from the 
solution and the rate of film growth for solutions of concentrations = 0,1 mole/liter, The film area in our 
experiments was S = 15,95 em”, the density of copper hydroxide d = 3.37 g/cc [4]; in one minute the film 
thickness increases by an amount which numerically corresponds to the film growth rate W in A/minute, 
Hence the weight ee my of the film in unit time, i. e., the amount of copper oxide passing into the 
film, is m,; =SWd.- 10 ®mg/ minute, On the other hand, it is also possible to calculate the amount of copper 
hydroxide formed in the surface layers of solution in unit ae from the rate of evaporation of the ammonia 
formed by hydrolysis of the complex ion [Cu(NHg)2 (H2O),] ? 


. . ; = a | 
The rate constant for the evaporation of ammonia through the hydroxide film is K = 1,39 *10 "min | 
and the evaporation rate is evidently - Keni, where CNH, =a—x, In accordance with the equation for 
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the hydrolysis of the [Cu(NHg3)y (H2O), ral ion, the hydrolysis rate is equal to half the rate of ammonia evapora- 


tion, and can be calculated from the expression: : 
1 98 
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An exarnination of the tabulated values of m, and mg shows that for solutions with concentrations of 
0.025, 0.05, and to some extent 0.5 mole/liter the amount of hydroxide passing into the seal is equal to. the 
amount formed in solution (my ~ mg). 


For solutions the concentration of which is > 0.1 mole/ liter, m, differs considerably from mg, which 
indicates that at these concentrations the evaporation rate of ammonia does not determine film growth, We 
believe that in this instance coagulation of the colloidally dispersed copper hydroxide may be taken as the 
rate-determining step. Evidence for this is provided by electron microscope investigations of copper hydroxide — 
films, carried out by Mokrushin, Kitaev, and Shabalina [5], who showed that copper hydroxide films are formed 
from colloid particles the size of which lies in the range 100-200 A. Larger particles cannot act as structural 
elements in the films. 


In the formation of films on the surface of solutions with concentrations greater than 0.10 mole/ liter, 
the coagulation rate of the originally formed copper hydroxide particles probably increases owing to an increase 
in the concentration of the surface sol. Consequently the number of particles ofoptimum sizedecreases,and 
as a result the rate of film thickness growth decreases also, The horizontal regions of the curves in Fig. 2 for 
solutions of high concentrations may be attributed to surface coagulation effects, 


SUMMARY 


1. A study has been made of the kinetics of growth of hydroxide films on the surface of cupric ammine 
solutions in relation to the concentration, temperature, and air blowing rate, 


2. It is shown that Cu(OH),: films are not formed.on clean solution surfaces, The presence of a mono- 
layer of a surface-active substance is a necessary condition for film formation. 


3, It is shown that the rate of film growth increases with increasing solution concentration and temperature 
and does not depend on the air flow rate, 


4, On the basis of experimental data on the kinetics of ammonia evaporation and the hydrolysis of the 
cupric ammine, the process has been divided into the following steps; evaporation of excess ammonia, hydrolysis 
of the cupric tetrammine, hydrolysis of the diammine-diaquo complex, fixation of the colloidal Sonne hydroxide 
particles on the solution surface to form the film. 


5, It is shown that for solutions with concentrations < 0,10 mole/ liter the step which determines the 
growth rate of the Cu(OH)g film is evaporation of ammonia formed by hydrolysis of the diammine-diaquo 
complex, while for solutions of higher concentrations the rate-determining step is fixation of the hydroxide 
particles in the solution surface, 


The S, M. Kirov Polytechnic Institute, Urals Received May 28, 1956 
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THE RELATIONSHIP BETWEEN THE AFFINITY AND\STRUCTURE OF DIRECT. DYES/ 


P, V. Moryganov and B. N. Melnikov 


It has now been established that the selective takeup of direct dyes by cellulose fibers depends on such 
factors as linearity and plane structure of their molecules, the presence in the molecules of long chains of 
conjugated double bonds and groups capable of forming hydrogen bonds, and also a number of other less 

-important factors, In Schirm's view [1], lengthening of the chain of conjugated double bonds between the 
outside auxochrome groups in the dye molecule leads to an increase in the residual valence forces at the 
ends of such a chain, and therefore increases the affinity of the dye for cellulose fibers. This readily explains 
why dyes derived from J acid have greater substantivity than dyes which are derivatives of y or H acid. 


OH a OH NH, 
NaQ;S NH aN. | NH Nese NS pS] 
Cas Se ge 
se 7 PONS A SON 
= | NaO 9S NaO3S SO,Na 
OH 
J-acid y-acid H-acid 


The above formulas clearly showthat the molecule of J acid has the longest chain of conjugated double 
bonds, According to Schirm, a dye molecule must contain a chain of not less than eight conjugated double 
bonds to ensure substantivity for cellulose fibers. Later work [2] has shown that this is not always true, a chain 
of five double bonds being sometimes quite sufficient. However, the lack of an exact definition of the concept 
of the affinity of a dye for a fiber delayed further detailed development of the theory of substantivity, as its 
value has frequently been determined under arbitrarily chosen conditions, making interpretation of the results 
difficult. Determinations of the affinity of direct dyes for cellulose fibers on a thermodynamic basis reported 
in a series of publications [3, 4] make it possible to verify and to extend considerably the views advanced 
earlier. 


Accordingly, the purpose of the present work was determination of the thermodynamic affinity of a 
number of direct dyes of the same type with different lengths of conjugated double bond chains, and also a 
study of the effect of disrupted conjugation and of benzoylation of the free amino groups of the dyes on the 
affinity. 


The affinity of a dye for the fiber was calculated from the formula: 


HOS shail [D]p- [Nal — In [D],-[Na]2 — (2 + 1) nV, (4) 
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where [D]g and[Na]g are the concentrations of dye and sodium ions in the fiber in gram «ions per kilogram 
of absolutely dry fiber [D]o and [Na] g are the concentrations of the same ions in solution in gram -ions per 
liter; V is the effective volume of the cellulose phase in liters per kilogram of the absolutely dry fiber; z is 
the valence of the dye anion. 


The theoretical derivation of this formula and a detailed description of the equilibrium dyeing method were 
given in a number of our earlier papers [4-6]. 


The equilibrium dyeing experiments were performed at 80 and 100° with the following dyes: 


NH,0H OH NH 
Pi nen—<—>-< en 
USE = SVAas 
Direct Sky Blue K(C. 1. 406) | | | 
PRINTS 4ST 
s S S iS 
HN ic N=-N-C <= ie pa 
SWAN A Nya 
Direct Diazo Black O (C.1.395) | | | | | 
NYS NOW A 
sa Wie N=N-{ >-NH-X_-N=N < ‘Nees 
af = rs ~ 
Analog of Direct Sky Blue K | 4 ee. 
Ts Na LTS 
s S s S 
LS SENN 
pea 7 OMS OM lie AP Ne ee ae 
Benzoylated analog of ANI 2 \—7 7 “ZNZS 
Direct Sky Blue K | 
LENSES UNOS 
s S S S 
’ 
OH a _ OH 
NH, | N=N-C >--NH-€-N=N_ NH; 
Analog of Direct Diazo Black O ‘/ ne i aa Be ie ia 
| 
SANS ANTI 
S S 
0 0 
\7 sf. 
co : do 
Rip al Ns —<_>-NH-{__+-N=H jaa 
Benzoylated ‘Analog of Direct of Ree a AT SY SE 
Diazo Black O | | | 
YN a” ST 


The results of determinations of the affinity of these dyes for cotton fabric are given in the table, 


A comparison of the structure and affinities of the dyes studied shows that an increase of the number of 
sulfo groups in the dye molecule decreases affinity for cotton fiber. A particularly interesting feature is the 
sharp decrease of affinity in dyes derived from 4,4'-diamino-diphenylamine (analogs of Direct Sky Blue K 
and Direct Diazo Black O); this is probably largely explained by disruption of conjugation in the molecules 
of these dyes, and also partly by the fact that the azo groups in these dyes, in contrast to the corresponding 


dyes derived frorn benzidine, are separated by a distance greater than the repeat period of the cellulose macro- 
molecule. ; 
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Affinities of Certain Direct Dyes for Cellulose Fiber in Relation to Their Structure 


Experimental —; Calculated values 
values in cal./mole| in cal./mole 
Dye 
. . — Avisos | —Argsg | —Augyg | — Avg53 
SSIES REDE AG LE NR SONS SENN IS CEES AS ROY ei Se ME eae 
Direct Diazo Black O 4 — 
Direct Sky Blue K a : we a; “a 
Analog of Direct Sky Blue K 2.34 2.56 ee oe 
Benzoylated analog of Direct Sky Blue K 3,77 4,38 3,85 4,07 
Analog of Direct Diazo Black O 3.75 4,12 — — 


Benzoylated analog of Direct Diazo Black 
O 5,41 6.09 5,26 5.63 


Replacement of hydrogen by the benzoyl residue in the amino groups increases the affinity of the dyes 
for cellulose in both cases owing to formation of carbamide groups, which confer high substantivity, 


The higher affinity of benzoylated direct dyes in comparison with the same dyes before benzoylation may 
be attributed to. an increase of the hydrocarbon—water interface by introduction of additional benzene rings into 
the dye molecule. This viewpoint has recently been developed extensively by Derbyshire and Peters [7]. 


In the formation of aqueous solutions of dyes, the large hydrophobic surfaces of their molecules cause the 
separation of water molecules against the action of intermolecular forces. This becomes possible only when 
the energy liberated in solvation of the sulfo groups present in the dye molecule completely compensates the 
absorption of energy in the formation of new hydrocarbon water interfaces. Removal of dye from the solution 
by fixation in the fiber, and the consequent disappearance of hydrocarbon—water interfaces, results in a return 
of this energy, which appears in the form of free energy of dyeing. ‘It is assumed that ithe dye is attached to 
the fiber by nonpolar van der Waals forces between the cellulose surface and the hydrophobic surface of the dye 
molecule, The solvated sulfo groups of the dye still remain solvated after the dye has become attached to the 
cellulose surface, at least until the dyed fiber has been removed from the dye bath and dried. Accordingly, 
introduction into the dye molecule of additional hydrophobic surfaces, with the same content of groups capable 
of strong hydration in them, leads to increase in the hydrocarbon water interfaces, and consequently to de- 
creased solubility on the one hand [8], and an increase of the free energy of dyeing on the other. 


The decrease of the absolute value of the free energy of solvation, and therefore the increase of the free 
energy of dyeing, can be calculated from the formula; 


— AF = NoAS, (2) 


where AS is the increase in the molecular surface on introduction of the hydrophobic group R; o is the free 
energy per unitR.. . solv. surface; N is the Avogadro number. 


Yatsimirsky [8] showed that Equation (2) provides a route to quantitative evaluation of the influence of 
various groups om the solubilities of organic compounds. Hartley [9] and later Meggy [10], gave the value o = 
= 30erg/cm? for the.C—H. . . H,O interface; Equation (2) can accordingly be written as: 


— AF = 0.043 AS. (3) 


In this equation AS is in A and AF is in kilocalories, Equation (3) would be valid on the condition that 
all interaction between the separated water molecules ceases when the organic molecules are introduced into 
the solution. In reality the molecules do not become separated by infinitely large distances, interaction be-= 
tween them continues, and its value, according to Meggy[10], is about a half of the total free energy. Conse- 
quently, the free energy decrease resulting from introduction of the hydrocarbon residue into the aqueous solu- 
tion is 

— AF = 0.021 AS. (4) 
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The surface area of an individual molecule can be estimated from known values for different bond lengths; 
according to our data, the value for the benzene nucleus is 36 A’. This value, which represents the increase of 
the hydrophobic surface of a benzoylated direct dye over that of the nonbenzoylated dye, makes it possible to 
calculate the expected increase in the affinity of the former dyes in comparison with the latter. The correspond- 
ing calculated values for the affinities of benzoylated dyes are shown in the table above. 


The reasonably good agreement between the experimental and calculated values suggests that the in- 
creased affinity of benzoylated dyes may be attributed not only to the strong substantivizing influence of the 
carabamide groups, but also to the considerably greater hydrophobic surface of these dyes. Good confirmation 
of this is also provided by the azotol series; they each contain a single carbamide group in the molecule, but 
differ very greatly in fiber affinity; this may be explained by the increase of the hydrophobic surface of the 
azotols with increasing molecular complexity. 

SUMMARY 


1. The length of the conjugated double bond chain is shown to have a strong influence on the affinity of 
direct dyes for cotton fiber. Disruption of this ch4in results in a sharp decrease of affinity, while replacement 
of one of the hydrogen atoms in the amino group by a benzoyl residue compensates for this decrease, and raises 
the affinity to the level of that of a nonbenzoylated dye before disruption of the conjugation. 


2. It is shown that qudntitative calculation of the increase in the affinity of a dye for fibers by introduc- 
tion of new hydrocarbon-water interfaces into its molecules is possible in principle. 


We express our gratitude to S. N. Solodushenkov for providing the dyes, derived from p,p'-diaminodiphenyl- 
amine, synthesized by him. 
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STRUGTURE OF HIGH POLYMERS 


GOMMUNIGATION-18, STRENGTHENING OF THE MOLECULAR STRUCTURE OF TIRE ‘YARN 


4 


A. B. Pakshver, L, S. Gerasimova, and Kh, N. Kozlovskaya 


Tire yarns made from artificial fibers have high heat endurance (viscose yarn) or high tensile strength 
(capron). Nevertheless, these fibers, especially capron, have a serious defect: the fibers are very extensible 
under low loads, and as a result the tires are deformed by the action of small loads (i. e,, the tires " swell” ). 


This effect can be explained by the low value of the modulus M. * 


We have shown [1] that the magnitude 


of the modulus M depends on intermolecular interaction, which is determined by the existence of dipole bonds 
between the polar groups of the macromolecules, and it may increase or decrease within wide limits according 
to the methods for the production and subsequent processing of the fibers, When fibers are stretched, especially 
in the heated or swollen state, the molecular structure is strengthened considerably; this is manifested in an 
increase of the modulus M, a decrease of the sorption capacity [1] and rate of sorption of various polar 
substances [2], retardation of variation of fiber length during swelling [3], and decrease of the heat of solution 
[4]. It is known [5] that when fibers, especially thermoplastic, are stretched, the strengthening of the molecular 
structure is accompanied by increase in the heat endurance of the fibers, 


Xe *10° mole/residue 


6 Ce-10°mole/liter 


2 bor am 


Fig, 1, Sorption of phenol by capron yarn, 1) 
Original yarn at 17°; 2) heat-stretched at p = 500 g, 
17°; 3) ditto, 55°; 4) ditto, 100°. 


The stretching of fibers in the heated or 
swollen state is accompanied by weakening of inter- 
molecular bonds and slipping of the macromolecules 
in the direction of the stretch. If the cause of the 
weakening of the intermolecular bonds is then 
removed, then the intermolecular forces may either 
increase, or decrease as the result of increasing 
flexibility of the macromolecules, depending on 
whether the fibers are cooled or washed in the 
stretched or relaxed state, In the former case the 
"rigidity" of the fiber is increased and the modulus 
M increases considerably; in the latter, the modulus 
M decreases and the fiber becomes softer, In tire 
cord production it is particularly valuable to increase 
the modulus M, by processing the fibérs in the 
stretched state. 


To determine the effects of stretching on the 
physicochemical and physicomechanical properties 
(values of Ke , D, and M) of viscose and capron 


* The modulus M is our term for the load on the thread which produces a given extension, 
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tire yarn, experiments were carried out in which the yarns were stretched in the heated state in a laboratory 
tube, with definite times, temperatures, and extensfons* . The methods described previously [1] were also 
used to determine values of the modulus M at 5% extension (by means of a recording dynamometer), the rate 
and equilibrium value of the sorption of phenol by capron fiber, and of copper from cuprammonium reagent 

[6] and of triethylbenzylammonium base (TEB) from its solutions by viscose fiber. The data so obtained were 
used to calculate the diffusion coefficients D and the sorption equilibrium constants Ke. Tables 1 and 2 give 
the values found for M, D, and Kg. Sorption isotherms for the original, stretched, and relaxed fibers are ‘also 
shown in Figs. 1-3. Figures 4-7 show the influence of heating time, load, initial fiber modulus, and tempera~ 
ture on the modulus of capron yarn. Figures 4 and 7 show that undef laboratory conditions the maximum value 
of the modulus Ms; is reached when capron yarn is heated to 150 for 8 seconds, or to 170 for 1.5 seconds at 
loads up to 500 g per thread, i. e,, at 30% of the breaking load. According to the literature [5] treatment of 
nylon yam for use in tire cords requires heating to 180+190° for 7 seconds at 50% of the breaking load. The 
data in Figs. 4-7 show that when the heating time is increased above the optimum, the modulus again decreases 
rapidly and the fiber loses strength. The optimum value of the modulus M is reached more rapidly at higher 
temperatures, greater loads, and with higher values for the initial fiber modulus. In presence of lactam the 
modulus M increases more rapidly, but storage of capron fibers containing lactam for 2 months leads to a sharp 
deterioration of the heat stretching process and to decreased values of the modulus M for the same temperatures 
and times of heating. Thus, lactam acts as a typical plasticizer, but in course of time fibers containing lactam 
become more brittle, age, and are found to be less suitable for heat stretching. 
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Fig. 2. Sorption of copper from cuprammonium reagent Fig. 3, Sorption of tiethylbenzylammonium 
by viscose yarn No. 100: 1) original yarn; 2) treated base (TEB) by viscose yarn No, 100: 1) original 
with 5% NaOH; 3) ditto, 10% NaOH; 4) heated for yarn; 2) treated with 5% NaOH; 3) ditto, 10% 
twenty four hours at 110°; 5) heated for 5 days at 110°; NaOH; 4) heated for twenty four hours at 110°, 


Figures 8 and 9 show that the modulus M rises sharply with decreasing rate of diffusion of phenol 
and decreasing sorption capacity of the fiber. The parameters D and K, characterize condensation of the 
molecular structure in heat stretching. 


Comparison of the data in Tables 1 and 2 clearly shows the small influence of heat treatment on viscose 
yarn in comparison with capron, The modulus of viscose yarn is increased by only 10% even by heating under 
the optimum conditions at 160° for 10 seconds, Similar treatment of capron cord yarn increases the deforma- 
tion modulus from 280 to 500 g per thread, i, e., by 80%, 


* The optimum heat treatment conditions vary according to the dimensions of the heating tube; the temperature 
and duration of heat treatment should increase with increasing size of the equipment used for the treatment, 
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Fig. 4. Effect of heating time on Ms modulus in heat 
stretching of capron yarn; load p = 200 g per thread, 
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Fig. 6. Effect of initial modulus on increase of Ms 
in heat stretching of capron yarn for 10 seconds at 
p = 200 g per thread, 
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Fig. 5. Effect of load on modulus Mg and 
stretch h in percent in heat stretching of 
capron yarn, heated for 1,5 sec. at 170°, 
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Fig. 7. Effect of temperature on heat 
stretching of capron yarn at p = 200 g per 
thread; continuous lines — yarn without 
lactam; broken line — yarn with lactam. 
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Fig. 8, Relationship between sorption of phenol and 
modulus M; phenol concentration c = 8,5 mole/ liter. 


TABLE 1 
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Fig. 9. Relationship between diffusion rate 
(D x 10") of phenol and modulus M. 


Effects of Different ‘Treatments of Capron Yarn No. 34 


Treatment of capron 


yarn No. 34 Sorption 
duration of temper- 
s preliminary sue teh tag ature, 
heating, at 150°undey © 
sec. loads in g 
= as 17 
ey = 55 
— — 400 
— 100 47 
— 200 47 
— 200 Hi) 
— 200 100 
10 200 417 
8 500 47 
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FABLE. 2 


Effects of Different Treatments on Viscose Yarn 


a 

o 

S&S 

= A 
rary 

«I 


Treatment k 
for sorption of 
% ae oi wi 
Characteristics of viscose | a& o Ae 
fibers studied ve 5 | a 5 3 
o |e ie lee ge 
a4 g a g 3 E ° on 
23 |3 a8 losses 
Viscose yarn No. 100 — — | 0,038} 0.200) 100 
Ditto, treatéd (without 
tension) with 5% NaOH — — | 0,060) 0.300) 85 
Ditto, 10% NaOH ee =. 0 068! 0.360| 72 
Ditto, heated dry under 
tension 410 |1 hr. | 0,048) 0.448} 90 
160 |10 sec.| — | — | 4110 
470 |10 sec.| — — 95 
Ditto, heated in glycerol 
(without tension) 480 | 2 hrs. | 0.050} 0,255} 100 
Viscosé cord No. 7.3 — — 0.068} 0-267) 560 
Ditto, heated under 
tension 460 |10:sec.| 0.060] 0.210} 600 


SUMMARY 


1, Heat stretching increases the modulus M of viscose yarn by 10%, and almost doubles that of capron 
yam, The increase of the modulus is accompanied by decreases in the rate and magnitude of sorption, i. e., 
in the physicochemical data which characterize the strength of the intermolecular structure, 


2, Above certain optimum values of temperature, heating time, and load, the quality of the yarn 
deteriorates. 


3, Free swelling of viscose yarn in alkali solution (shrinkage) results in increased softness, decrease of 
the modulus M, and increased sorption of bases, 


- 4, Lactam acts as a plasticizer in the heat stretching of capron, 
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MOLECULAR STRUCTURE OF HIGH POLYMERS 
COMMUNICATION 17. INVESTIGATION OF THE INTERMOLECULAR STRUCTURE OF THERMOPLASTIC FIBERS | 


A. B. Pakshver, E, E. Natan, and I. F, Katushkina 


It has been shown in the case of capron fiber that as the intermolecular structure is strengthened by 
stretching or heat treatment of the fiber, sorption of phenol [1] and hydrochloric acid [2] is retarded, the 
equilibrium amounts of sorbed’phenols are decreased [3], the dyeing rate is diminished [4], and changes of 
fiber length during swelling are retarded [5]. The decreased coefficients of diffusion of various substances 
into the fiber, decreased equilibrium amounts of bound phenols or acids, and retardation of shrinkage processes 
during swelling, characterize the strengthening of intermolecular, dipole bonds between the amide groups of | 
the macromolecules. Stretching of polyamide fibers, especially in the heated state, increases the energy of 
intermolecular interaction and the deformation modulus. Brief heating or swelling of the fibers in the un- 
stretched state, on the other hand, weakens the intermolecular bonds, causing increased sorption of phenols 
and a decrease of the deformation modulus, 


These effects are characteristic for all thermoplastic fibers, in which intermolecular dipole bonds are 
rapidly weakened by increase of temperature, The most characteristic thermoplastic fibers are fibers made 


m_ polyvinyl polymers, such as "khlorin” fibers from chlorinated polyvinyl chloride and *nitron® from 
polyacrylonitrile, and also acetate fiber. Data on é and magnitude of p' t 


and on the magnitude of acetone sorption by khlorin and acetate fibers are given below. Phenol was 
determined by the bromide — bromate method [1], and acetone iodometrically [6]. The diffusion coefficients 
were calculated by the same method as before, The equilibrium constant Kg was calculated from the sorption 
isotherms by the formula 
, x 

Kee (-%)).com 
where x is the amount of sorbed substance in mole/mole; ce is the equilibrium concentration in solution 
of the substance being absorbed, in mole/ liter. 


For the linear portions of the isotherms this equation simplifies to K, = coat . Figs, 1—3 show 
isotherms for the sorption of acetone by acetate and khlorin yarn, and of phenol by nitron yarn, The table 
gives calculated values of the equilibrium constant K . and of the deformation modulus M, in kg/mm?2. Figures 
4 and 5 show the effects of temperature, load, and stretching time on the deformation modulus M and give 
the optimum conditions for the production of fibers with maximum modulus. 


The data in the table and Figs. 1-5 show that stretching of thermoplastic fibers increases the modulus 
of deformation and decreases the equilibrium constant K ‘ and the diffusion coefficient D, Thus, stretching 
of these fibers intensifies intermolecular interaction, decreases the sorption capacity of the fibers for substances 
which solvate the polar groups of the polymers, and makes the fibers more rigid. 
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mole/residue 
Xe mole/ residue ee BY 


10 _ 8 CemoleAiter ae 20 Ce mole/Iiter 
Fig. 1. Sorption of acetone by khlorin: 1) resin; Fig. 2. Sorption of acetone by acetate yarn: 
2) unstretched yarns; 3) yarn after 4-fold stretching; 1) original yarn; 2) yarn stretched by 21% 
4) yarn after 4-fold stretching and additional 22% at 135°. 


stretch at 60°, 


Xe mole/residue 


JO 
a0 
260 


200 ; 
rare a a 
mole/Liter 
Fig, 3. Sorption of phenol by nitron yarn and Fig. 4, Heat stretching of nitron yarn: 1) 
resin: 1) nitron resin at 17; 2) ditto, at 47; load 25 g per thread, 1.8 sec.; 2) load 10 g 
3) ditto, at 100°; 4) nitron yarn at 17°; 5) ditto, per thread, 6 sec, 


at 55° 
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TABLE 


Equilibrium Constants K, , Diffusion Coefficients D and Deformation Moduli M of ; 
Khlorin, Nitron, and rnorere Yarns After Various Treatments, fy 


Sorption Deformation modulus 
Type of yarn and treatment tempera-| Ke SN 4 Wate 5 Sai ear gees 
Original khlorin resin Ot 17 0 200 — 413 5 16 
Ditto, spun without stretch 32 17 0 165 az 2 26 —_— 
_— Gea stretched 4~fold 

93 17 0 155 — 73 —_ 
Ans gidditiqnal 22% stret 
3.5 sec.; load 
30 g per thread 100 17 0 065 _ 8 0 _ 
Original acetate yarn 90 17 4 02 — =5--| oad 
Ditto, 14% stretch at 125°; 
8 sec.; load 20 g per 
read 118 47 0 33 os — 7 16 
Ditto, 21% stretch at 135°; 
2.5 sec.; load 25 g per 
thread 134 47 0 19 — — 11,36 
Original nitron resin _ 18 0 205 — _— see 
a= 47 0 177 — — — 
_ 100 0 133 — 
Ditto, after heating at 160°, 
0 min. — 18 0 143 — —_ — 
Original nitron yarn 100 18 0 147 14 6 _ meri 
100 53 0 118 — — —_— 
100 95 0 079 — _— = 
Ditto, 10-fold stretch in 
spinning 100 «| «618 «| «(0.254 = ag ie 
Ditto, 15<fold stretch 100 48 ‘0 197 — — — 
Ditto, 20-fold stretch 100 18 0 147 _ —_— _ 
Ditto, 15-fold stretch and 
additional 13% stretch 
at'165° 415 18 0 149 Val — — 


a 10 15T, SEC. 


Fig, 5. Heat stretching of nitron yam: 1) effect of 
load at 155°, 1.8 sec.; 2) effect of heating time at 
155°, load 15 g per thread. 
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SUMMARY 


1. Sorption of phenol by nitron yarn and of acetone by acetate and khlorin yarns decreases with 
increasing stretch of the fibers. 


2. The, sorption decreases with increase of temperature, which is characteristic for processes occuring 
with a decrease of enthalpy. 


8. Stretching of acetate, khlorin, and nitron yarns results in decrease of the equilibrium constant Ke = 
increase of the modulus of deformation M, and decrease of the diffusion coefficient D, All this definitely 
indicates strengthening of the intermolecular structure, 


Ivanovo Institute of Chemical Technology Received October 19, 1955. 
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HE ELECTROCHEMISTRY OF HIGH~POLYMER DISPERSIONS 
3, “EFFECT OF pH ON THE ELECTROKINETIC POTENTIAL OF GLOBULES IN SYNTHETIC LATEXES 


R.M. Panich and S, S. Voyutsky 


The effect of pH on the electrokinetic potential (zeta potential) of natural latex particles has been 
studied by several workers [1-3]. It has been established that the zeta potential of natural latex globules 
first increases with pH, and then remains constant or even decreases, The increase of zeta potential with 
increasing pH of the latex is probably caused by the gredter ionization of the stabilizer molecules in an 
alkaliné medium. The subsequent fall of zeta potential is probably caused by desorption of proteins, readily 
soluble in alkaline media, from the globule surfaces, by cation adsorption, and also by increase of the ionic 
strength of the medium as the result of addition of alkali. 


Decrease of pH results in charge reversal in natural latex globules, and the latex passes through the 
isoelectric point at which it coagulates if special steps are not taken. 


Maron and Bowler [4], and also Voyutsky and his associates [5-7] showed that the zeta potential of 
synthetic latexes changes similarly to that of natural latex with increased pH. Coagulation was observed 
by all foreign workers in synthetic latexes with decrease of pH. However, in 1950 the present authors 
showed for the first time that if the latex is sufficiently dilute (not more than 3-4% solids content) and the 
required amount of acid is added rapidly, the pH can be decreased to 2.5 and less, Qualitative experiments 
on determination of the charge of the particles in latex acidified with hydrochloric acid showed that in this 
case the globules are positively charged. 


The isoelectric point of undialyzed synthetic latexes was also found, and the nature of the variations 
of the zeta potential in the region below this-point was studied; it was found that the potential first increased 
and then decreased as acid was added to the latex, 


In the present investigation the effect of pH on the zeta potential of globules in dialyzed synthetic 
latexes at constant known ionic strength was studied, In this way it is possible to take into account the 
influence of a number of complicating factors in determinations of electrophoretic mobility, and therefore 
to obtain more correct values for the zeta potential. 


Materials studied and methods for determination of electrokinetic potential, 
Two latexes were studied: latex A, consisting of a dispersion of vinyl chloride — divinyl copolymer in - 
ammonium oleate solution, and latex B, which was a dispersion of a polar polymer in ammonium naphthenate 
solution, Both latexes were used in the form of dialyzates, denoted by AD2 and BD1respectively. Fuller 
details of the original latexes and their dialyzates are given in earlier publications [8, 9]. 


The zeta potential was determined by means of macroelectrophoresis by a method described previously 
[9]. In this method the dialyzed latexes were diluted with a buffer mixture of known composition, A suitably 
diluted buffer mixture was also used as the auxiliary liquid in electrophoresis, Since the electrolyte contents 
of dialyzed latexes are very low in comparison with those of buffer solutions, it may be assumed that in this 
instance the ionic strengths of the latex and auxiliary liquid are practically equal. This method had a number 
of advantages, including the fact that it enabledusto make corrections for electrophoretic lag and electrical 
relaxation, The determinations themselves were performed in the Rabinovich and Fodiman apparatus [10]. 
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The buffer mixtures used.were solutions containing univalent ions only, of different pH values, but with 
the same ionic strength of 0.02. Buffer mixtures of higher ionic strength caused coagulation of the latexes 
at low pH values, 


Effect of pH on the electrokinetic potential of latex globules, Latex AD2 was 
diluted with distilled water before the determinations to approximately 1% solids content, and then diluted 
twofold with buffer mixture. Thus, the-values given below for the zeta potential refer to globules in latex 
with ~ 0.5% solids content. The numerical coefficient in the Henry formula used to calculate the zeta’ 
potential was chosen on the basis of the facts that the ionic strength of the final solution was 0.01, the buffer 
soliition contained univalent ions only, and the particle radius of AD2 latex was 210 A [8]. 


el 


“Gnva-10ohm™ - cm 
mols b 


Fig. 1. Variations of the electrokinetic potential ( Fe ) of the globules, and ‘of the specific conductance 
(Ao) of latex AD2 (a) and BDI (b) with pH. 


The results of the experiments on AD2 latex are shown graphically in Fig. 1, a. It is seen in Fig. 1,4 
that the zeta potential remains unchanged as the pH varies between 10 and 5.3, and then falls sharply with 
further increase of hydrogen ion concentration, becoming zero at pH of about 3,7, and finally reaching 
increasing positive values. 


The specific conductance, variations of which are also shown in Fig. 1 a, is more or less constant at 
pH> 3 and increases appreciably only in strongly acid media, This increase must evidently be attributed 
to the exceptionally high mobility of the hydrogen ion. 


The results of experiments on latex BD are shown in Fig. 1, b. It is seen that the general character 
of the variation of zeta potential with hydrogen ion concentration is the same as for latex AD2, but the 
curve begins to descend at pH 7, 


Effect of pH on the aggregative and sorptional stability of synthetic latexes, 

To determine the effect of pH on the aggregative stability of synthetic latexes, an investigation was made of 
the change in the particle size in diluted AD2 latex after twofold dilution by buffer mixtures of various pH., 
-but with the same ionic strength of 0,02, The degree of dispersion was determined nephelometically [.1)half 
an hour,and 25 days after dilution of the latex. The sorptional stability of the resultant systems toward 
cotton wool was determined at the same time, For this, 20 ml of the latex diluted by the buffer was placed 

in contact with 0.5 g cotton wool, and after 30 minutes the latex was pouredoff and its rubber content was 
‘determined nephelometrically, 


The results of the experiments are given in the table. 


It is seen from the table that latexes with 0,375 % solids content have considerable aggregative 
stability at pH above 6,2 — their particle size remains practically unchanged for 25 days, which is quite 
consistent with the high negative values of their zeta potential. 


The particle size does not increase upon reversal of charge when the latex pH is taken to 2.7; however, 
the resultant latex has low aggregative stability and in the course of 25 days its particle size is increased by 
about a half. If during the charge reversal the pH is taken to only 3.41, the latex particles increase in size 
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during the process; the size increase continues in the reversed latex and the latex coagulates in twenty four 
hours. At the isoelectric point, pH 3.9, a stable latex cannot be obtained, 


TABLE 


Particle Size and Sorptional Stability of Diluted AD2 Latex at Various pH Values 


Particle diameter after Latex concentration, 


dilution, in A % solids Sorption, 

pH in mv yt ae Dare ear 
after after 25 before after % 

JA hour days | Sorption — sorption 
8,3 —72 510 520 0,375 0,334 10.9 
6.2 ia 5 543 520 0.375 0.328 12.5) 
3.9 (—8) Coagulation occurred on dilution of the latex by the buffer 
3.4* +41.4 575 — 0.375 0.093 ee 
27 +20.6 486 | 725 | 0.375 | 0.225 | 40 


* The latex coagulated after 24 hours. 


The table also shows that positively charged latex particles are sorbed much more rapidly than 
negatively charged particles by cotton fibers. 


DISCUSSION OF RESULTS 


It has hitherto been believed that reversal of the charge on the globules on acidification is possible only 
in natural latexes, stabilized by natural proteins, the molecules of which have two functional groups: the 
amino group, causing the positive charge of the globules in an acid medium, and the carboxyl group, which 
causes the globules to be negatively charged in an alkaline medium. In the case of synthetic latexes 
stabilized by soaps,it was considered that in an acid medium the soap is converted into an acid which has no 
protective properties, and the latex should coagulate, 


Our experiments have shown that under certain conditions charge reversal on acidification is also 
possible in dispersions stabilized by substances which cannot cause a change in the sign of the charge when 
the reaction of the medium is changed, The cause of this evidently lies in the fact that the latex remains 
stable at low pH values owing to adsorption of positively charged hydrogen ions by the globules, The hydrogen 
ion has high adsorbability and in many instances can act as a stabilizer, There are indications in the literature 
of the possibility of charge reversal, by means of hydrogen ions, of particles in certain colloids and emulsions, 
including rubber globules, originally stabilized by hydroxyl ions [1]. 


The graph shows that when the pH is decreased by addition of acid the absolute values of the zeta 
potential of the globules in AD2 and BD1 latexes first remain constant over a certain pH range, and then 
begin to decrease after pH 5.3-7 has been reached, This form of the zeta potential — pH curve is in good 
agreement with the general relationship established by Jordan [2] for natural latex, The decrease of the zeta 
potential after sufficient acidification is probably the result of conversion of the strongly ionized soap into a 
weakly ionized acid, Although the latter is adsorbed on the ‘globules, it does not form a protective ionic 
layer characterized by the zeta potential, Maron and Bowler's explanation [4] of the weaker stabilizing 
action of acids as being due to lower adsorption by the globules is not, in our opinion, satisfactory. A fatty 
acid, being less soluble, will always be adsorbed better than soap on rubber globules. The known fact that 
the surface tension of latexes is decreased on acidification is explained, not by passage of the fatty acid 
particles formed from the soap into the solution, but by the fact that the acid has higher surface activity 


than the saap, 
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If the medium is sufficiently acid, all the soap fs converted into an acid devoid of protective PROperhehs 
This:corresponds to the isoelectric state of the system, In accordance with the values found for the isoelectric 
points, the stabilizers —- ammonium oleate and naphthenate soap — present in latexes AD2 and BDi are 
evidently converted into the corresponding acids at pH 3.7-3.9, Upon further acidification, hydrogen ions are 
adsorbed on the polymer globules and confer a positive charge on them. As the pH decreases the adsorption 
of hydrogen ‘tons increases and the positive zeta potential rises. Nevertheless, the absolute value of ae 
positive potential in an acid medium is considerably lower than the value in an alkaline medium. This is 
certainly associated with the nature of the stabilizing ion, 


The ageregative stability of the latexes also increases with increasing absolute values of the zeta 
potential, The increase of latex stability with increasing absolute values of the negative zeta potential on 
addition of alkali is common knowledge, However, we see that this is also tue for latexes with positively 
charged globules. The connection between zeta potential and stability is also confirmed by the fact that 
latexes with negatively charged particles with high zeta potentials are much more stable than latexes with 
positively charged particles and relatively low zeta potentials, 


The zeta potential — pH curve for undialyzed latexes, determined by us earlier [7] had maxima in the 
acid and alkaline regions, 


The explanation for these maxima should be sought in the fact that while the experiments with dialyzed 
latexes were performed with solutions of strictly constant ionic strength, this was not the case in the experi- 
ments with undialyzed latexes, In the latter case the pH was increased by addition of alkali to the latex,which 
resulted in an increase of ionic strength, and consequently to compression of the electric double layer and a 
decrease of the absolute value of the negative zeta potential, In this same way, considerable decreases of pH 
in this case were produced by additions of large amounts of acid to the latex, which also increased the ionic 
strength and decreased the value of the positive zeta potential. Similar effects have been reported earlier for 
dilute mineral oil emulsions [12], 


SUMMARY 


1, Latex particles stabilized by anion-active soaps can undergo charge reversal on acidification, An 
essential condition for charge reversal is low latex concentraion and rapid addition of the acid, so that the 
sign of the particle charge can be reversed before any appreciable coagulation occurs, 


2. The zeta potential of latex globules remains constant on acidification over a certain pH range, 
then decreases as the result of the conversion of soap into undissociated acid, reaches zero (isoelectric point), 
and then becomes po sitive in acid media, probably as the result of adsorption of hydrogen ions, 


3. When the zeta potential of the globules is close to zero, the latexes completely lose their aggregative 
stability. It has been found that the isoelectric point of latexes stabilized by soaps is at pH 3,7-3.9. 


4, The zeta potential — pH curves for undialyzed latexes.have maxima at high and low pH values, The 
presence of these maxima is probably caused by the increase of ionic strength as the result of addition of large 
amounts of alkali or acid to confer high or low pH values on the solution, 


5. Latexes with reversely charged particles are much less stable than the original latexes; this is due 
to the lower absolute values of the zeta potential of the particles of such latexes in comparison with the 
original, 


6. The positively charged particles of reversed latexes are actively sorbed by cotton fibers and can there- 
fore be successfully used for impregnating paper, cardboard, andfor similar purposes. 


The M. V.Lomonosov Institute of Fine Chemical Technology Received February 12, 1956 
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THE FRACTIONAL COMPOSITION OF FINE CELLULOSE FIBERS 


S. L. Talmud, A. N. Turzhetskaya, and A. A. Kuleshova 


It has been shown by one of the present authors and co-workers [1 that cellulose may be refined by size 
fractionation of sulfite cellulose fibers; for this, fine cellulose fibers must be removed. For a correct evalua+ 
tion of the role of fine cellulose fibers and of the possibilities of utilizing them rationally, it was necessary to 


determine the chemical composition of this fine fraction, and to study the molecular heterogeneity of its con- 
stituent cellulose. 


The cellulose was fractionated by consecutive solution in phosphoric acid solutions of known concentra- 
tions [2, 3]. Akim and Kilkki [4] used this method to show that a definite relationship exists between the frac- 
tional composition and the reactivity of sulfite viscose cellulose. According to these authors, a viscose cellu- 
lose with good reactivity has a low content of low molecular fractions with degree of polymerization up to 200, 
and is completely free from high molecular fractions with degree of polymerization above 1200. Thus, conse- 
cutive solution of cellulose in phosphoric acid solutions is a convenient method for comparative determinations 
of the degree of polymerization of different technical cellulose fractions. 


We have studied the fine cellulose fibers obtained from sulfite pulp waste waters (fibers present in 
pitch settling tank effluents). The quantitative proportions of different fractions (by fiber length) were 
determined by means of a microscope with a micrometer eyepiece, by fiber counts in several fields, The 
results of the microscopical analysis are given in Table 1. 


/ 
1A BEE 1. Table 1 shows that most of the fine fibers, 


‘ : : : 84.4%, were from 0,05 to 0.2 mm long, 
Microscopical Analysis of Fine Cellulose Fibers 


The fine cellulose fibers contained 4% 
Content of frac- moisture, 1.45% ash, and 16.2% resins and fats 
tion, as % of to- (soluble in dichloroethane) . 

tal fibers 


Content of frac- 
tion, as % of to- 
tal fibers 


For fractionation of the fine cellulose fibers 
by molecular weight, it was first necessary to 
extract resins and fats, However, after thorough ° 
extraction of the fine cellulose fibers by dichloro- 
ethane, or by ethyl ether and ethyl alcohol, 
successful fractionation could not be achieved, as 
phosphoric acid solution had practically no solvent 
action on the cellulose, 


It was noticed that the contents of resins and 
fats, determined by extractions by the above solvents, 
-steadily decreased during storage of the fine cellulose 
fibers, Evidently the resins were oxidized and the 
oxidation products were not extracted by the solvents, 
In a discussion of this problem, S. S, Malevskaya 
reported that she had observed similar effects, and 
that when resins and fats are extracted from cellulose by ethyl ether and acetone, oxidized resin is also 
‘extracted* The content of resins and fats, soluble in ethyl ether and acetone, in the fine cellulose fibers 


‘* We are, deeply grateful to S, S, Malevskaya for this communication [6, 7]. 


125 


was found to be 18.2%. It proved possible to fractionate the cellulose after extracting the fine cellulose 
fibers with ethyl ether and acetone to remove unoxidized andoxidized resins and fats, 


The results of the fractionation of extracted fine cellulose fibers are given in Table 2. Table 2 gives 
the average results of at least two parallel determinations for each experiment. If the discrepancies were 
considerable, the number of parallel determinations was increased to 3-5, 


TABLE 2 


Molecular Heterogeneity of Extracted Fine Cellulose Fibers 


. ; Amounts of fractions, wt. % 
Degree of polymeri- 


zation of cellulose | 
I 


II | III | IV | Vv | mean: 


3.0 3.8 3.9 8 3.4 3.4 

2.7 2.8 0.9 af 2.5 2,5 

2.7 6,7 2.5 = 3.0 3.4 

1.4 8.5 3.3 8 7,9 1.2 

. 0.0 0.0 0.0 1.8 6.3 1.6 
2.9 0.0 0.7 0.0 0.0 0.7 

Over 1200 (by difference) 57.3 58.2 58.7 56.2 56.9 57.5 


Table 2 shows that extracted fine cellulose fibers contain on the average only 42,5 wt. % of cellulose 
with degree of polymerization up to 1200; most of the cellulose (57.5%) is insoluble in phosphoric acid and 
has degree of polymerization above 1200, 


The lignin content of the extracted fine cellulose fibers, determined by the sulfuric acid method, was 
5.62%, 


Analysis of the fine cellulose fibers gave the following results, calculated on the absolutely dry material 
(in wt, %): 


wt. % 
(1) Resins anid fatten. a). ses GENS ae ei COE 19.0 
(ey Glondniend = oy Sah BL Pah re os ee ee 7,2 
AICAST an Nee ee oe ax eS. ee) ee, 1.5 
(Ey MEISE sy od eC so a ele eae Mer) cag are ° 72.3 
(5) Including cellulose with degree of polymerization up 
ie ee ie as aa ee ee ee ee  Y eee 30,7 
LO}: BOOVE AOU US een ae ate a's, «sa us ea ed ws Cee 41,6 - 


This low quality of the cellulose fines is probably due to the morphological structure, These results 
confirm the possibility and advisability of refining cellulose by removal of the low quality portion, the fine 
fibers [1]. 


Cases are known when viscose cellulose, which confirms to various technical specifications, proves to 
be insufficiently reactive, and the viscose has poor filterability. In our opinion, this may be the result of 
incomplete removal of the fine cellulose fibers, for example, during bleaching, 


The extracted fine cellulose fibers proved to be quite unreactive (with 110% CS, and 11% NaOH). 


The advantages of cellulose fractionation by fiber length [1] have been confirmed by the work of 
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Perila [5], who reported that after removal of 12.6% of short fiber material :he reactivity of the cellulose is 
raised and the filterability of viscose solutions is improved, , 


SUMMARY 


1, The chemical composition of fine cellulose fibers (a short fiber fraction of sulfite cellulose) has 
been determined and the constituent cellulose has been fractionated by molecular weight, 


2, It is shown that fine cellulose fibers contain, calculated on the absolutely dry substance: 19.0% 
resins and fats (soluble in ethyl alcohol and acetone), 7.2% lignin, 1.5% ash, and only 72.3% cellulose. Most 
of the cellulose (45.8%) in the-fine fibers has degrees of polymerization below 200 and above 1200, and only 
26.5% of the fine fiber material, with degrees of polymerization between 200 and 1200, is suitable for 


chemical processing. This low quality of the fine cellulose fiber f raction is probably due to its morphological 
structure, 


3. The results indicate the possibility and suitability of cellulose refining by removal of the low grade 
portion, the fine fiber fraction. 


The V. M. Molotov Technological Institute Received April 14, 1956 
Leningrad 
Chair of Physical and Colloid Chemistry 
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DISCUSSION 
CHARACTERIZATION OF THE STATE OF HIGH-POLYMER GELS 


Aye Ve Nikolaev. R, EF. Neiman, anid) O}, Vis Neiman 


The question of the nature of the gelation process has repeatedly been discussed in the literature, This 
is not surprising, since formation of gels from high-polymer solutions is met fairly frequently and in a number 
of cases is of definite practical importance, 


One cannot fail to agree with Lipatov and Meerson [1] that in a number of cases (dyes and purified 
polymers) gels have all the signs of thermodynamic instability, and that gelation is merely an intermediate 
stage on the way to complete separation of the system into two phases, We are therefore dealing with 
phenomena occurring in systems with limited mutual solubility (limited swelling of the polymer) over a 
definite temperature range; on heating, this passes into complete miscibility. When such homogenized 
systems are cooled, their behavior may differ: 


% 
a) In some cases phase separation occurs and a state of equilibrium is reached fairly rapidly, One of 
the phases formed is a partially swollen polymer, i. e., an equilibrium gel of a constant composition for a 
given temperature, and the other is a solution of polymer in low molecular liquid, 


b) In other cases the separation is delayed for indefinite periods, A nonequilibrium, continuous, one- 
phase gel is formed. The persistence of this nonequilibrium state is aided, as is known, by inhomogeneity of 
the polymer and presence of impurities in it. Thus, solutions of ordinary gelatin on cooling are converted 
into gels which do not separate into phases for indefinitely long periods, Nevertheless, as was shown by Tager 
and Kargin [2], when solutions of highly purified gelatin are cooled they separate fairly rapidly into two layers, 


In our opinion the study of nonequilibrium gels is not only of specialized but also of very general 
interest, since the equilibrium state is in many cases reached through this intermediate stage, 


1, The formation of gels directly by cooling solutions of a number of polymers, i, e., case "b" above, 
was studied by us thermographically [3, 4]. We were not able to detect any heat effect on gelation, We must 
again stress that this refers to the formation of a gel from the solution, and not to its subsequent phase separation. 


Lipatov and Meerson [1], in referring to these studies, regard the result of our thermographic investigation 
as failure on our part. They see the reason for this failure in the fact that we used nonfractionated materials, 
However, the data of Lipatov and Feldman [5] can be used to show that this view is incorrect, Indeed, these 
authors used nonfractionated gelatin and agar, individual fractions of these, mixtures of such fractions, and in 
a number of cases they also added various electrolytes, In all these cases differential thermograms of the 
same type were obtained; in the authors’ view, these provided evidence for the existence of a heat effect of 
gelation. The values of these effects varied somewhat with variations of the experiments, but remained of the 
same order of magnitude. Therefore it is necessary to seek some Other cause of the diametrically opposite 
results obtained in our investigations [3, 4], by Lipatov and Feldman [5], and by Lipatov and Meerson [6]. 


We must point out that, in numerous repetitions of the thermographic experiments and with careful 
attention to all the precautions necessary in obtaining differential thermograms, we were never able to detect— 
within the limits of the fairly high sensitivity of our determinations — any appreciable heat effects on gelation, 
It is also necessary to bear in mind that these thermographic results of ours are in any event in agreement with 
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the results of our highly sensitive dilatometric determinations [3, 7], in which we did not detect any volume 
changes in the formation of gels from solutions. Thus, two independent methods gave results which were 


similar in principle. 


We therefore continue to regard our thermographic and dilatometric data as quite reliable. 


2. The absence of a heat effect of gelation contradicts, in our opinion, the data of Lipatov and Meerson 
[8] on the temperature dependence of the heat of solution of polymers. These authors showed that the magnitude 
of this heat effect decreases in a certain temperature range; in their opinion, this is due to an endothermic 
process of bond rupture between the polymer chains, This intermediate region is regarded by them as a region 
of phase transition, completed after rupture of the interchain bonds and solution of the polymer, 


The transition from an equilibrium heterogeneous system (partially swollen polymer in excess liquid), 
on heating, to a homogeneous solution, from the latter on cooling to a nonequilibrium gel, and finally the 
return to the initial state on phase separation of the gel, may be represented in the form of an energy diagram 


(Fig. 1). 


At the lower temperature { a heterogeneous 


system is formed when the polymer is mixed with 
the liquid. This process is characterized by the heat 
effect — Q,. In agreement with Lipatov and 
Meerson's data [8], the complete solution of the 
polymer at a higher temperaturet’, to give a 
homogeneous solution should correspond to a smaller 
heat effect—Q). 


The difference [Qy — Q, ] determines the heat 
of phase transition, corresponding to the region of 
phase transition on Lipatov and Meerson's Q = f (t®) 
curve, 


If, when the homogeneous solution is cooled 
from temperature t’, to ty , a continuous non- 


equilibrium gel is formed ; this means that phase 
separation is delayed, The system does not return 
to the initial state in which it was found before it 
was homogenized by heating. Thus gelation may 
not be phase transition, Therefore the heat effect 
corresponding to such transition is absent. The 
difference between — Q', for the nonequilibrium gel and — Q, for the homogeneous solution is determined only 
by the temperature term of the heat content, Only on subsequent slow phase separation of the nonequilibrium 
gel can we expect to find a heat effect corresponding to the difference — [Qy — Q,"]. Here transition to a 
state of equilibrium occurs, and one of the two phases formed is an equilibrium gel of definite composition, 


Fig, 1. Energy diagram for the transitions: equilibrium 
heterogeneous system (— Q, ) — homogeneous solution 
(-Q, )— nonequilibrium gel (C2 ). 


3, Transition of a polymer solution into a nonequilibrium gel without a heat effect or volume change 
is not a new phenomenon, It has long been known for the melt — glass system, To illustrate this, we give a 
heating curve, of interest from our point of view, obtained by one of us [9] for a series of borate glasses, When 
a borate glass is heated (branch a of Curve t in Fig, 2) ata definite reproducible temperature the molecules 
become mobile and the glass passes into crystals with evolution of heat (effect 1 on the Curve At ), and the 
crystals melt at once with absorption of heat (effect 2), The heat effects 1 and 2, are, of course, of equal 
magnitude, When the resultant melt is cooled (branch b ) , neither.absorption nor evolution of heat can be 
detected by the most sensitive differential recording, although the melt is completely converted into glass, 
The glass so obtained can be heated again, and the whole cycle can be reproduced repeatedly. 


We must emphasize that the analogy between glass and a nonequilibrium gel relates to energy only. The 
mechanism by which the nonequilibrium state is prodiiced may differ for gels and glasses, but for our purpose 
(energy analogy) this is immaterial. ) 
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Fig. 2. Heating curve for borate glasses (explanation 
in text), 


4, Our theoretically important modification 
of the Lipatov and Meerson scheme, like the scheme 
as a whole in its new form, may be illustrated with 
the aid of data published a relatively long time ago 
by one of the present authors [10]. In fact, phenomena 
occur in the gel which are very similar to phase 
transitions in their nature and in the accompanying 
effects, such as the volume effect. Thus, the 
contraction of a gel on coagulation is accompanied 
by a volume effect comparable to that for the 
formation of a gel from a true solution at a low 
concentration of coagulant, When a 4% solution of 
ferric chloride is mixed with an equal volume of 
caustic soda solution, equivalent quantities give a 
volume increase of + 0.874 cc per 1 g of the ferric 
hydroxide formed, If the same reaction, with the 
same amounts and concentrations of ferric chloride 
and caustic soda, is carried out in 10% or 20% solu- 
tions of common salt, the corresponding volume 


changes will be:+0. 559 cc (— 35.3% ) and +0.487 cc (— 45%). 


In other words, the contraction of a gel by the action of a coagulant is accompanied by a volume effect 
comparable in magnitude (being 35-45% of the latter ) with the effect in such an evident phase transition as 


the formation of a precipitate in solution. 


In the same investigation the volume effect of the transition of a sol into an uncontracted gel was also 


studied for 4% ferric chloride solution; its value was 1}, 


of the value for the phase transition .** This volume 


effect diminishes with decreasing concentration of the coagulant (concentrations of the solutions being mixed), 
tending to zero or a very small value at infinite dilution, in the following way: 


Volume effect in the sol — gel transition 
as % of the volume effect in the formation of 


a sol from a true solution** ....... 


—3.40 


Concentration of original ferric chloride 


solution, % 


on £0 2.0 3,0 4,0 


This variation of the volume effect with concentration must attributed wholly to changes of the gel 
volume, as the volume effect of sol formation from true solution depends very little on the concentration, | 
The values of this effect without corrections for dilution are: 


Concentration of ferric chloride solution, % 2 3 4 


Volume effect of sol formation in cc per 


ete CAP Se Oi ie. 


0,681 0,687 0.690 


Therefore there is no doubt that the volume effect of the sol — gel transition depends very much on the 
state of the gel: in absence of a coagulant it is equal or close to zero, *** while in the shrinkage of a gel 
by the action of a coagulant (analogously to syneresis) it may be comparable with the effect in phase transi- 


tion. 


* As small as !/,y for 2% solution, 


** Without the dilution effect on mixing being taken into account; if this factor is taken into account, the 
values diminish still further, for example, —9.6% for 4% ferric chloride solution becomes — 8.5% after the 


correction js applied (see above), 


*** This is in good agreement with the thixotropy of a given gel. 
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We liave thus confirmed the validity of our scheme (Fig. 1), but instead of heat effects we used their 
equivalent volume effects,and instead of syneresis, we considered gel shrinkage by coagulation . 


5. In our energy scheme (see Fig. 1) the nonequilibrium gel which has not separated into layers should 
not have a structural network, Formation of sucha network should then be the essential cause of a heat 
effect in the phase separation of a nonequilibrium gel. However, another hypothesis probably cannot be 
excluded, 


The formation of a structural network in a nonequilibrium gel, while unconnected with phase transition, 
would nevertheless correspond to formation of a definite number of local bonds between the polymer macro- 
molecules. This process, in its turn, should be accompanied by heat and volume effects, What is the reason 
that this effect cannot be detected by highly sensitive differential thermograms ? We tentatively suggest that 
mutual compensation of two opposite heat effects may occur in the formation of a structural gel network . 


The polar groups of the macromolecules in solution are solvated by the solvent molecules, At the same 
time, there is a definite degree of macromolecular association, which depends on the temperature, in the 
solution . Thus, fluctuating processes of solvate and ageregate formation and destruction develop in the solu- 
tion, with definite statistical average period of their existence corresponding to each given temperature. As 
the solution is cooled, a definite number of bonds becomes fixed between the most polar groups of the macro- 
molecules and finally the structural gel network is formed, Since, in solution, the polar groups of the macro- 
molecules are blocked by solvating molecules of solvent, it may be assumed that preliminary desolvation is 
a condition for bond formation between them. Therefore, in the formation of the structural network in the 
gel, two heat effects opposite in sign and similar but not equal in magnitude may be mutually compensated, 


Of the total number of polar groups contained in a macromolecule, only a relatively small part is 
involved in the formation of the structural gel network. The molar concentrations of polymers in solutions 
are, however, very low. Thus, for gelatin with molecular weight 50104 » a 25% solution corresponds to a 
concentration of ~ 5.10-* mole/liter. It may be that because of the compensation of the opposite effects 
and because the number of local contacts is very small, the heat of formation of intermolecular bonds in the 
structural gel network becomes vanishingly small. 


In phase separation of a nonequilibrium gel the number of intermolecular bonds rises sharply, and the 
small energy difference relative to hydration bonds is then manifested quite clearly in the form of heat and 
volume effects . : 
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LETTER TO THE EDITOR 


COAGULATION OF ATMOSPHERIC CONDENSATION NUCLEI ON DUST PARTICLES 


M. L. Mikhelson 


As was shown earlier [1], one of the main problems which arises in development of the condensation 
method for the removal of flying dust is the influence of atmospheric condensation nuclei on the growth of 
the droplets formed on the dust particles, 


Critical supersaturation values for some soluble nuclei may be of the same order as for dust particles 

~1y in size, Therefore in some cases atmospheric nuclei may act as competitors which take up a consi- 
derable amount of the condensing moisture, thereby decreasing the residual supersaturation. Moreover, 
being present in air in tens and hundreds of times as high as the usual dust content of mine air, atmospheric 
nuclei are capable of increasing, in roughly the same proportions, the amounts of energy required to bring 
about supersaturation in a condensation type dust filter, In this connection, the coagulation of atmospheric 
condensation nuclei on dust particles which we have discovered is a very favorable factor in the condensa- 
tion method and is worthy of investigation, 


In our experiments, the atmospheric nuclei were detected directly in the condensation filter when air — 
was passed between parallel moist surfaces with different temperatures [2]. The experiments were carried 
out as follows. The Deryagin — Vlasenko flow ultramicroscope [3] was used to determine the concentration 
of atmospheric nuclei formed in the apparatus (Fig. 1 ) before introduction of dust into the dust chamber; 
its value was 3-10°/cc. After introduction of coarse dust (r ~10— 100m) into the dust chamber to a concentra- 
tion Ny = 10*/ cc, no atmospheric nuclei at all could be detected after 20 minutes under the same conditions, 
i. e., conditions determining supersaturation in the apparatus (temperatures of the hot and cold moist surfaces, 
the distance between them, length of the channel, flow rate). The distance between the moist surfaces d 
was 7 cm, the channel length] was 150 cm; the air flow rate v was 5 m//second, The same apparatus was 
then used to determine the concentration of atmospheric nuclei as a function of time (Fig. 2). In order 
to avoid changes of dust concentration during the experiment by precipitation of the dust particles, the dust — 
used had average particle size R~1 y. As Fig. 2 shows, the concentration of the atmospheric nuclei fell, 
which may be attributed to coagulation of the atmospheric nuclei on the dust particles, In this experiment 
the initial concentration of the atmospheric nuclei was Np =7,5 - 10°/ cc ,and the dust concentration 
Ny = 6:104/ CCr, 


The coagulation of atmospheric nuclei on the dust particles is probably mainly due to their Brownian 
movement. The coagulation rate is easily calculated by means of the Smoluchowski equation applied to 
one absorbing particle of radius R 


Q=— 47 DRN, D=kTB, (1) 
where Q is the number of atmospheric nuclei absorbed in unit time; N is the concentration of the atmospheric 


nuclei; D is the coefficient of diffusion corresponding to an atmospheric nucleus of radiumr; k is the 
Boltzmann constant; T is the absolute temperature; B is the mobility of the atmospheric nuclei calculated 


from Formula (8.6) [4, p. 39]. 
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Fig. 1, Apparatus for measurement of the concentra- 
tion of atmospheric nuclei: 1) body of the apparatus; 
2) tunning water with t= 16°; 3) water with t = 65°; 
4) heater; 5) vapor—air channel; 6) branch tube 
for sampling, by the flow ultramicroscope, from the 
center of the stream, 


Fig, 2. Variation of the concentration of 
atmospheric nuclei with time. 


If the dust concentration is ng and ng absorbing nuclei are therefore present, then 


dN 

ae =—4 7 DRNn, , (2) 
or, in integral form 

InN=InN) —47DRnyt. (3) 


In our experiment Ny = Te 10°/ce, Ny = 6:104/cc, R wl. To plot the line In N = f (t) itis 
necessary to know the size of the atmospheric nuclei. 


The straight line calculated from Formula (3) coincides with the experimental plot at r = 3,0° 10 ~*om, 
According to Nolan and Guerrini [5], the radius of the atmospheric nuclei r = 2,85 * 10° cm; the maximum 
on the size distribution curve for atmospheric nuclei, reported by Kumai [6], corresponds to 2,5 * 10% cm, 
Thus, the foregoing considerations are confirmed by the linear character of the In N = f(t) relationship and 
the satisfactory agreement of our value for the radius of the atmospheric nuclei with results obtained by other 
authors, ; 

Coagulation of atmospheric nuclei should probably also occur rapidly on mist droplets, which is very 
significant in relation to studies of precipitation conditions. In such cases the coagulation process will probably 
be accelerated or retarded depending on whether the mist droplets undergo condensational growth or evapora- 
tion [7]. 


SUMMARY 


1. The effect of coagulation of atmospheric nuclei which has been detected is of meteorological 
interest in relation to studies of precipitation, and is also important in relation to the condensation method 
of dust removal . For example, .it seems likely that, because of prolonged contact with dusty air, atmospheric 
nuclei will be totally absent in mine air, 


2. The calculated values for the size of atmospheric nuclei, based onexperimental results, are in 
agreement with the data of other authors, 
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THE SEVENTIETH ANNIVERSARY OF THE BIRTH AND FIFTY YEARS OF 
THE SCIENTIFICACTIVITY OF GRIGORY SEMENOVICH PETROV: 


October 27, 1956 was noted by the scientific community as the seventieth birthday and the end of fifty 
years of scientific activity of Professor Grigory Semenovich Petrov, Doctor of Technical Sciences — an eminent 
scientist, widely known in the USSR and abroad. From 1904 G, S. Petrov carried out a wide series of investi- 
gations on the decomposition of fats, and invented his famous “kontakt,” obtained by treatment of various petro- 
leum distillates with fuming sulfuric acid or sulfuric anhydride. Kontakt is still widely used in the USSR and 
abroad, mainly in the fat industry for splitting of fats and in the textile industry as‘a detergent in place of soap 
or alizarin oil, etc. In 1911-1914 G. S. Petrov and his associates laid the foundations of the national plastics 
industry. Being the first to organize the productionof phenolic resinsin Russia, he is rightly acknowledged to be 
the founder of the large plastics factory 'Karbolit." After the October Socialist Revolution Petrov directed ex- 
tensive work on the synthesis of carboxylic acids by oxidation of liquid petroleum distillates, carried out in the 
Karpov Institute, A carboxylic acid plant was installed at the Vakhitov factory as the result of this work. 


The main direction of G. S. Petrov's scientific activity, however, has been the synthesis and study of 
various high polymers obtained by condensation. He has synthesized a large number of high polymers based 
on various phenols and aldehydes, urea, melamine, and aldehydes, glycols and carboxylic acids, etc. In par- 
ticular, he determined the differences in the behavior of various substances at high temperatures in relation to 
the "coke number,” and was first to observe that the heat stability of high polymers is increased by introduction 
of benzene nuclei in the chain, He therefore attached great importance to the condensation products of phenols 
and aldehydes for the production of plastics used in high-temperature conditions, G. S, Petrov made detailed 
studies of the formation of high polymers in condensation reactions in relation to the reaction conditions and 
the use of various catalysts. His work on the compatibility of numerous condensation polymers with polymers 
having high elasticity, such as rubber, has proved particularly valuable. 


Long before the publication of work on block and graft polymers, G. S. Petrov indicated the possibility 
of, and predicted an important future for, the formation of chemical bonds between various polymeric products. 
In recent years he has been engaged in extensive work on the oxidation of high polymers, and in partichlar of 
phenol—aldehyde condensation products. He has established that oxidized condensation products have increased 


hardening rates. 


G. S. Petrov has written 13 books on the technology of plastics, fats, and petroleum; he has published 85 
papers, and has been awarded more than 200 author's certificates for inventions. Many of the inventions have 


been adopted in industry. 
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Jointly with Professor I. P. Losev, G. S. Petrov organized the Department of Plastics in the Mendeleev 
Institute of Chemical Technology, Moscow. 


_ G. S. Petrov is an eminent research worker and teacher, and has trained many pupils who are now work- 
ing in scientific institutions, factories, and teaching establishments. r 


M. S. Akutin 
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